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MICROPROCESSOR PRODUCTS 


Harris Semiconductor is a pioneer in developing and producing advanced CMOS 
microprocessor products for the most demanding commercial and military applica¬ 
tions in this world -- and beyond. Microprocessors include the world’s fastest 80C286 
microprocessor at 25MHz, along with the 80C86 and 80C88 microprocessors. These 
are complemented with a full line of CMOS peripherals, data communication circuits, 
and memory products. Additionally, the CDP1800-serles microprocessor product line 
is available with its associated peripheral and memory devices. The heart of this 
series is the CDP1802A central processing unit (CPU) for use as a general-purpose 
computing or control element in a wide range of stored-program systems or prod¬ 
ucts. Enhanced versions of the CDP1802A are available which incorporate addi¬ 
tional on-chip features. 

This databook fully describes Harris Semiconductor’s line of CMOS microprocessor 
products. It Includes a complete set of data sheets for product specifications, appli¬ 
cation notes with design details for specific applications of Harris products, and a 
description of the Harris quality and high reliability program. 

Other Harris Semiconductor advanced digital product lines include the CDP6805 
Microcontroller family and a brand new line of Digital Signal Processing (DSP) prod¬ 
ucts. Both families are fully covered in their respective databooks available from the 
nearest Harris sales, representative, or distributor office; or from our literature 
department (see previous page). 


Harris Semiconductor products are sold by description only. All specifications in this product 
guide are applicable only to packaged products; specifications for die are available upon 
request. Harris reserves the right to make changes in circuit design, specifications and other 
information at any time without prior notice. Accordingly, the reader is cautioned to verify that 
information in this publication is current before placing orders. Reference to products of other 
manufacturers are solely for convenience of comparison and do not imply total equivalency of 
design, performance, or otherwise. 
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MICROPROCESSOR PRODUCTS 
TECHNICAL ASSISTANCE 

For technical assistance on the Harris products listed in this databook, 
please contact Field Applications Engineering staff available at one of the following 
Harris Sales Offices: 

UNITED STATES 

CALIFORNIA Costa Mesa.714-433-0600 

San Jose.408-985-7322 

FLORIDA Palm Bay.407-729-4984 

GEORGIA Duluth.404-476-2035 

ILLINOIS Schaumburg.708-240-3480 

INDIANA Carmel.317-843-5180 

MASSACHUSETTS Burlington.617-221-1850 

NEW JERSEY Voorhees.609-751-3425 

NEW YORK Hauppauge.516-342-0291 

Wappingers Falls.914-298-1920 

TEXAS Dallas.214-733-0800 

INTERNATIONAL 

FRANCE Paris. 33-1-346-54046 

GERMANY Munich. 49-89-63813-0 

HONG KONG Kowloon.852-723-6339 

ITALY Milano. 39-2-262-0761 

JAPAN Tokyo. 81-3-3265-7571 

KOREA Seoul. 82-2-551-0931 

SINGAPORE Singapore.65-291 -0203 

TAIWAN Taipei. 886-2-716-9310 

UNITED KINGDOM Camberley. 44-2-766-86886 

For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call 
Harris AnswerFAX for immediate fax service at 407-724-7800 

iv 



























ALPHA NUMERIC PRODUCT INDEX 
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PRODUCT INDEX BY FAMILY (Continued) 

MWS5101, A 256 x 4 Asynchronous RAM. 6-49 
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Military Grade Product Offerings 


Harris High Reliability Products are offered in the following 
Military grades: 

• JAN (Joint Army Navy) 

Registered trademark of the U.S. Government indicating that 
a device is fully compliant to MIL-M-38510. The Defense 
Electronics Supply Center (DESC) maintains a continuing 
audit of manufactur-ing compliance. There are two product 
assurance classes available for M38510 products (Class S 
and B). Devices are defined and identified by their particular 
detail specification or “slash sheet” number Issued by DESC 
(e.g. M38510/29104BJX). The IC manufacturers who are 
qualified to supply products to a particular M38510 slash 
sheet are identified in the Qualified Products List (QPL) 
issued by DESC. 

• SMD (Standard Military Drawing) 

The SMD evolved from the DESC drawing program which 
was viewed as a preliminary specification prior to JAN 
approval. SMDs were created to control the proliferation of 
non-standard Source Control Drawings. The Standard 
Military Drawing provides standardized MIL-STD-883 
processing In conjunction with non-JAN devices as specified 
in paragraph 1.2.1 of MIL-STD-883. These devices are 
defined and identified by their Standard Military Drawing 
number issued by DESC (eg. 5962-8757701RA). The 
manufacturers qualified to supply a particular SMD device 
are listed in the back of the individual Standard Military 
Drawing. 

• Harris Class B Compliant 

These devices are fully compliant to MIL-STD-883, Class B 
and are identified by the /883 suffix on the Harris part 
number. The parametric limits for an /883 data sheet are 
controlled by the manufacturer rather than a governmental 
agency, and therefore, there may be differences in the test 
methodology and actual limits for “similar” devices made by 
different manufacturers. 

This manufacturer control of the /883 specifications allows 
the offering of 883-level products long before they might 
become available as MIL-M-38510 or SMD devices. In many 
cases, Harris actually specifies /883 devices with more 


stringent conditions than those appearing on the MIL-M- 
38510 slash sheet or SMD describing the same generic 
device. Harris recommends using our /883 data sheets as 
the baseline for new military or aerospace source control 
drawings. 

• Harris Class B “Equivalent” 

These devices are processed and tested in a manner 
equivalent to the MIL-STD-883 compliant devices. They may 
not be classified as compliant since government standards 
have not been established for processing these types of 
components (e.g. Ram Modules). The Class B “Equivalent” 
products can be Identified by the -8, /B, or /3 suffix on the 
Harris part number. 

Non-Standard Product Offerings 

Harris understands the need for customer generated Source 
Control Drawings with non-standard parameter and/or 
screening requirements. A Customer Engineering Depart¬ 
ment is responsible for efficiently expediting the SCDs 
through a comprehensive review process. Our Customer 
Engineering Group compares the SCD to Its closest 
equivalent product grade and works closely with the Product 
Engineer, Manufacturing Engineer, Design Engineer, or 
applicable individual to compare Harris’ screening ability 
against the customer’s non-standard requirement(s). For 
products processed to non-standard requirements, a unique 
part number suffix is assigned. 

Harris shares the military’s objective to utilize standards 
wherever possible. We recommend using our /883 data 
sheets as guidelines for generating new Source Control 
Drawings. In instances where an available military 
specification or Harris /883 data sheet is inappropriate, it is 
Harris’ sincerest wish to work closely with the customer in 
establishing an acceptable procurement document. For this 
reason, the customer is requested to contact the nearest 
Harris Sales Office or Representative before finalizing the 
Source Control Drawing. Harris looks forward to working 
with the customer prior to implementation of the formal 
drawing so that both parties may create a mutually accept¬ 
able procurement document. 
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DATA COMMUNICATIONS (Continudd) 


H04>6409 


HS1-3182 


HS4-3182 


HS1-3282 


HS4-3282 


MD82C50A-5 


MD82C52 


MR82C52 


0408 RAMS 


CDP1821C 


CDP1822C 


CDP1823C 


CDP1824 


CDP1824C 


HM1-6504 


HM1-6504B 


HM1-6504S 


HM1-6508 


HM1-6508B 


HM1-6514 


HM1-6514B 


HM1-6514S 


HM1-6516 


HM4-6516 


HM1-6516B 


HM4-6516B 


HM1-65162 


HM4-65162 


HM1-65162B 


HM4-65162B 


HM1-65162C 


HM4-65162C 


HM1-6518 


HM1-6518B 


HM1-65262 


HM4-65262 


HM1-65262B 


HM4-65262B 


HM1-6551 



PRODUCT 


CMOS RAMS (Centinued) 


HM1-6551B 


HM1-6561 


HM1-6561B 


HM1-65642 


HM4-65642 


HM1>65642B 


HM4-65642B 


HM1>65642C 


HM4-65642C 


CMOS PROMS 


HM1-6617 


HM6-6617 


HM4-6617 


HM1-6617B 


HM6-6617B 


HM4-6617B 


HM1-6642 


HM6-6642 


HM4-6642 


HM1-6642B 


HM6-6642B 


HM4-6642B 


CMOS RAM MODULES 


HM5-6564 


HM5>8808 


MM5-8808B 


HM5-8808S 


HM5-8808A 


HM5-8808AB 


HM5-8808AS 


HM5-8816H 


HM5-8816HB 


HM5-8832 


HM5-8832B 


HM5-91M2 


HM5-91M2B 


HM5-92560 


HM5-92570 



SMD/ 


JAN 

DESC 

/883 



2-5 


MILITARY 

PROGRAMS 









































































































2-6 






















































































Harris JAN-SMD-/883 Part Number Listing 


2-: 


MILITARY 

PROGRAMS 

























































































Harris JAN-SMD-/883 Part Number Listing 


HARRIS PART # 


JAN PART # 


SMD/DESCPART# 


/883PART# 



5962-8869001 LA 


5962-8869002JA 


5962-88690023A 


5962-8869002LA 


HM1-6514/883 


HM1-6514B/883 


HM1-6514S/883 


HM1-6516/883 


HM4-6516/883 


HM1-6516B/883 


HM4-6516B/883 


HM1-65162/883 


HM4-65162/883 


HM1-65162B/883 


HM4-65162B/883 


HM1-65162C/883 


HM4-65162C/883 


HM1-65262/883 


HM4-65262/883 


HM1-65262B/883 


HM4-65262B/883 


HM1-65642/883 


HM4-65642/883 


HM1-65642B/883 


HM4-65642B/883 


HM1-65642C/883 


HM4-65642C/883 


HM1-6617/883 


HM4-6617/883 


HM6-6617/883 


HM1-6617B/883 


HM4-6617B/883 


HM6-6617B/883 


HM1-6642/883 


HM4-6642/883 


HM6-6642/883 


HM1-6642B/883 


HM4-6642B/883 


HM6-6642B/883 
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Harris JAN-SMD-/883 Part Number Listing 


HARRIS PART* JAN PART# SMD/DESC PART # /883PART# 


CMOS STATIC RAM MODULES 


HM5-6564 

HM5-8808 

HM5-8808B 

HM5-8808S 

HM5-8808A 

HM5-8808AB 

HM5-8808AS 

HM5-8816H 

HM5>8816HB 

HM5-8832 

HM5-8832B 

HM5-91M2 

HM5-91M2B 

HM5-92560 


Harris CMOS Static RAM Modules are available for military and high reliability applications processed 
to our high-rei DASH 8 program flow. This includes burn-in and value added processing (temperature 
cycling, SEM inspection, etc.). Please contact your local Harris sales office or representative for details 


HM5-92570 




























Military Product Program Controls 


REQUIREMENT 

/883 

REFERENCE 

JAN 

DESC/SMD 

/883 

/B,-8,/3 

SYSTEM CONTROLS | 

Product Assurance 

Plan 

1.2.1.B.21 

Per Appendix A of MIL M38510 

Per Harris R&QA 
Manual 

Facility Certification 

1.2.1.B.28 

RADC/DESC 

Harris QC 

Harris QC 

Harris QC 

Product Certification 

1.2.1.B.26 

RADC/DESC 

RADC/DESC 

Harris QA 

Not Required 

Detail Specifications 

1.2.1.A 

Slash Sheet 

DESC DWG/SMD 

Harris/883 Data 
Sheet 

Harris Catalog 

Qualifying Activity 

1.2.1.B,1 

RADC/DESC 

Harris 

Harris 

Harris 

Qualification Test GPC 

1.2.1.B.17 

Required 

Per Governing 

Military Spec 

Per Governing 

Military Spec 

Per Harris Spec 

Qualification Test GPD 

1.2.1.B.17 

Required 

Per Governing 

Military Spec 

Per Governing 

Military Spec 

Per Harris Spec 

QPL Listing 


MILM38510 

None 

None 

None 

Change Controls 

1.2.1.B.25 

MIL M38510 
paragraph 3.4.2 

DoD 480 

DoD 480 

Harris Internal ECN 
Controls 

Change Notification 

1.2.1.B.25 

DESC 

DESC 

Data Sheet 
Registration 

Catalog 

Traceability 

1.2.1.B.27 

Wafer Lot 

6 Week Seal 

6 Week Seal 

6 Week Seal 

Deviations to 883 

1.2.1 

Per Slash Sheet 

Per DESC DWG/ 
SMD 

None 

Per Harris Spec 

Product Construction 

1.2.1.B.2-12 

Compliant 

Compliant 

Compliant 

May Be Non- 
Compliant 

1 LOCATIONS 1 

Fab 


USA Only 

USA 

USA 

USA 

Assembly 


USA Only 

USA/Malaysia 

USA/Maiaysia 

Malaysia 

Screening 


USA Only 

USA/Malaysia 

USA/Malaysia 

Malaysia 

Quality Conformance 


USA Only 

USA 

USA 

Malaysia 


NOTE: -8 is available in support of programs with part requirements dated prior to Dec. 31,1984 in accordance with paragraph 1.2. of 
MIL-STD-883 or where 883 is not currently available. 
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Programs Served By Harris 


Tube-Launched, Optically Tracked, Wire-Guided Missile 
Angle Rate Bombing Set 
Advanced Medium Range Air-To-Air Missile 
Advanced Capability (MK-48 Torpedo) 

Position Location and Reporting System 
Joint Tactical Information Distribution System 
Target Acquisition System (MK-23) 

Miniature Vehicle Sensors 
Driver’s Thermal Viewer 
Detecting and Ranging Set 
Fighting Vehicle System (Bradley) 

Helicopter (or Hughes) Night Vision System 

Advanced Optic Adjunct 

Advanced Light Weight Torpedo 

Ground Launched Cruise Missile 

Air Launched Cruise Missile 

Medium Range Air-To-Surface Missile 

Modular Universal Laser Equipment 

Low Altitude Navigation and Targeting Infrared 

Anti-Submarine Warfare 

Multiple Launch Rocket System 

Advanced Self Protection Jammer 

Global Positioning System 

Distant Early Warning 

High Speed Anti-Radar Missile 

Rolling Airframe Missile 

Medium Depth Mine 

Terminal Guidance Small Missile 

Time Division Multiple Access 

Distributed Time Division Multiple Access 

Long Range Search and Track 

Glide Bomb Unit 

Divisional Air Defense 


Field Support Tracked Vehicle 

Integrated Solar Sensor Assembly 

Continuous Motion Gyro for ISSA 

Advanced Warning and Control System 

Forward Looking Infrared 

Ring Laser Gyro Programs 

Tail Warning System 

Space Telescope 

Mariner Series 

MK 46 NEARTIP 

AV8B HARRIER 

F14/A6E SMS 

Bearclaw 

CAINS II 

TAI/MK6 

B1 

F-16 

Phalanx 

Stinger 

Locust 

Sidearm 

Rattler 

Pavetack 

Viking 

Skylab 

Shuttle 

Intelsat 

Spacelab 

Voyager 

Mark 50 

Captor 

Maverick 

Phoenix 
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- CMOS Microprocessor Products 

Comparison of Harris CMOS CDP1800-Series Microprocessors 



CDP1802A 




FEATURES 

CDP1802AC 

CDP1802BC 

CDP1805AC 

CDP1806AC 



Memory Addressing (Bytes) 


On-ChIp RAM (Bytes) 


Maximum Clock Frequency (MHz) 


Instruction Time MinVMax. (^s) 


Timer/Counter Bits 


Prescalers 


Bus Structure 


interrupts 


Latched I/O Lines 


Maximum Operating 
Temperature Range (°C) 


Number of Pins, Package 


Serial Interface 


Industry CMOS Microprocessor Cross Reference 


64K 


64K 


5 


3.2/16 


8 


-1-32 


Multiplexed Address Lines 


Yes Yes 


Off-Chip 


-55°C to -h125°C 
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HARRIS CDP1802A,CDP1802AC, 
— CDP1802BC 


January 1992 


Features 

• Input Clock Maximum Frequency Options: 


Maximum @ 
Vdd = 5V 

CDP1802A,AC 3.2MHz 
CDP1802BC 5.0MHz 


Vdd = IOV 
6.4MHz 


Minimum Instruction Fetch-Execute Times 
(@ Vdd = 5V): 

CDP1802A, AC.5.0ns 

CDP1802BC.3.2ns 

Any Combination of Standard RAM and ROM Up to 
65,536 Byte 

8-bit Parallei Organization With Bidirectional Data Bus 
and Multiplexed Address Bus 

16x16 Matrix of Registers for Use as Multiple 
Program Counters, Data Pointers, or Data Registers 

On-Chip DMA, Interrupt, and Flag Inputs 

Programmable Single-Bit Output Port 

91 Easy-to-Use Instructions 


Ordering Information 


CMOS 8 Bit Microprocessors 


Description 

The CDP1802 family of CMOS microprocessors are 8-blt reg¬ 
ister oriented central processing units (CPUs) designed for 
use as general purpose computing or control elements in a 
wide range of stored program systems or products. 

The CDP1802 types include all of the circuits required for 
fetching, interpreting, and executing instructions which have 
been stored in standard types of memories. Extensive input/ 
output (I/O) control features are also provided to facilitate 
system design. 

The 1800 series architecture is designed with emphasis on 
the total microcomputer system as an Integral entity so that 
systems having maximum flexibility and minimum cost can be 
realized. The 1800 series CPU also provides a synchronous 
interface to memories and external controllers for I/O devices, 
and minimizes the cost of interface controllers. Further, the I/O 
interface is capable of supporting devices operating in polled, 
interrupt driven, or direct memory access modes. 

The CDP1802A and CDP1802AC have a maximum input 
clock frequency of 3.2MHz at Vqd = 5 volts. The CDP1802A 
and CDP1802AC are functionally identical. They differ In that 
the CDP1802A has a recommended operating voltage range 
of 4 to 10.5 volts, and the CDP1802AC a recommended 
operating voltage range of 4 to 6.5 volts. 

The CDP1802BC Is a higher speed version of the 
CDP1802AC, having a maximum Input clock frequency of 
5.0MHz at Vqq = 5 volt, and a recommended operating 
voltage range of 4 to 6.5 volts. 

All types are supplied in 40-lead Dual-ln-Llne Sidebrazed 
Ceramic Packages (D suffix), 40-lead Dual-In-Line Plastic 
Packages (E suffix), and 44-lead Plastic Chip-Carrier (PLCC) 
Packages (Q suffix). The CDP1802AC Is also available in 
Chip Form (H suffix). 



PACKAGE 

TEMPERATURE RANGE 

10V-6.4MHz 

5V - 3.2MHz 

5V - 5MHz 

Plastic DIP 

-40‘*C to +85°C 

CDP1802AE 

CDP1802ACE 

CDP1802BCE 

Burn-in 


CDP1802AEX 

CDP1802ACEX 

CDP1802BCEX 

PLCC 

-40X to +85°C 

CDP1802AQ 

CDP1802ACQ 

CDP1802BCQ 

Ceramic DIP 

-40°C to +85‘’C 

CDP1802AD 

CDP1802ACD 

CDP1802BCD 

Burn-in 


CDP1802ADX 

CDP1802ACDX 

CDP1802BCDX 

*883B 

-55®C to +125°C 

CDP1802AD3 

CDP1802ACD3 

- 




*Respective specifications are included at the end of this data sheet. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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CDP1802A, CDP1802AC, CDP1802BC 


Pinouts 

40 LEAD PLASTIC DIP (PACKAGE TYPE E) 

40 LEAD SIDEBRAZED CERAMIC DIP (PACKAGE TYPE D) 
TOP VIEW 


CLOCK |T 

-u- 

il vdo 

waTF [7 


^ XTAL 

CLEAR \J 


^ DMA IN 

Q [T 


^ DMA OUT 

SCI [? 


^ INTERRUPT 

SCO [e 


^ M^ 

MW [7 


^ TPA 

BUS 7 [? 


^ TPB 

BUS 6 [£ 


^ MAT 

BUSS [To 


^ MA6 

BUS 4 QT 


^ MAS 

BUS 3 [^ 


^ MA4 

BUS 2 [Ti 


^ MA3 

BUS1 ^4 


^ MA2 

BUSO [^ 


^ MAI 

vcc Ei 


^ MAO 

N2 |l7 


El ^ 

N1 ^ 


^ EF2 

NO [Ti 


^ EF3 

Vss do 


H EF4 


44 LEAD PLASTIC CHIP CARRIER (PLCC) 
(PACKAGE TYPE Q) 

TOP VIEW 


o ^ P i n o 

(A O lo l$ O Z 


8 


l-i IT 

|g II I 

nnnnnnnnnnn 

6 5 4 3 2 1 44 43 42 41 40 


scoC 
MRDC 
BUS7[I 
Bused 
BUSSC 
NCC 
BUS4C 
BUS3C 14 
BUS 2d 15 
BUS 1 d 16 
BUSOd 17 


39 □ MWR 
38 1 TPA 
37 □ TPB 
36 □ MA7 
35 □ MA6 
34 DNC 
33 □ MA5 
32 □ MA4 
31 □ MA3 
30 □ MA2 
29 □ MAI 


18 19 26 25 24 23 22 21 20 27 28 

u u u u □ □□□■■□■oEr 


O CM O 


111. Ill III 

|uj |UJ luj I 


ADDRESS BUS 



FIGURE 1. TYPICAL CDP1802 SMALL MICROPROCESSOR SYSTEM 
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Specifications CDP1802A, CDP1802AC, CDP1802BC 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vdqj: Device Dissipation Per Output Transistor 

(All Voltages Referenced to Vgs Terminal) T^ = ^ull Package Temperature Range . ^.lOOmW 

CDP1802A.-0.5V to +11V Operating Temperature Range (T;^) 

CDP1802AC, CDP1802BC.-0.5V to +7V (Package type D.-55°C to +125°C 

Input Voltage Range, All Inputs.-0.5V to Vqq +0.5V (Package Type E and Q.-40°C to +65°C 

DC Input Current, any One Input.±10mA Storage Temperature Range (T*|g)...-65°C to +150®C 

Power Dissipation Per Package (Pq) Lead Temperature (During Spidering): 

Ta = -40 to +60°C (Package Type E). 500mW At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) from case for 10s 

T^ = +60 to +85®C (Package Type E).Derate Linearly at max.+265®C 

12mW/®C to 200mW ‘Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick 

Ta = -55 to +100°C (Package Type D). 500mW GIO epoxy glass, or equivalent 

Ta = +100 to +125°C (Package Type D).Derate Linearly at 

12mW/®C to 200mW 

Ta = -40°C to +85®C (Package Type Q)*. 500mW 


Recommended Operating Conditions = -40°C to +85°C. For maximum reliability, operating conditions should be 

selected so that operation is always within the following ranges: 


coNonriONS 


CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 


Maximum Clock Input Rise or 
Fall Time 


Minimum Instruction Time ^ 


Maximum DMA Transfer Rate 


Maximum Clock Input Frequency, 
^CL. Load Capacitance 
(Cl) = 50pF 



1- VcQ must never exceed Vqd. 

2. Equals 2 machine cycles - one Fetch and one Execute operation 
for all instructions except Long Branch and Long Skip, which re¬ 
quire 3 machine cycles - one Fetch and two Execute operations. 
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Specifications CDP1802A. CDP1802AC, CDP1802BC 


Static Electrical Characteristics at = -40°C to +85°C. Except as Noted 




CONDITIONS 





^cc* 



Vqut 


Vdd 

CHARACTERISTIC 

SYMBOL 

(V) 

V,n(V) 

(V) 


Quiescent Device Current 


Output Low Drive (Sink) 
Current 
(Except Xm) 


XTAL 


Output High Drive (Source) 
Current 


(Except XTAL) 


XTAL 


Output Voltage 
Low-Level 


Output Voltage 
High Level 


Input Low Voltage 


Input High Voltage 


CDP1802AC, 

CDP1802A CDP1802BC 

MIN TYP* MAX MIN TYP* MAX UNITS 


200 I pA 


pA 


CLEAR Input Voltage 
Schmitt Hysteresis 


Input Leakage Current 


3-State Output Leakage 
Current 


Operating Current 

CDP1802A, AC 
@ f = 3.2MHz 


CDP1802BC 
@ f = 5.0MHz 


Minimum Data Retention 
Voltage 


Data Retention Current 


Input Capacitance 


Output Capacitance 


‘Typical values are for T;^ = -i-25°C and nominal Vqq. 
“Idle “00” at M(OOOO), Cl = 50pF. 
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CDP1802A, CDP1802AC, CDP1802BC 


Performance Curves 



25 35 45 55 65 75 85 95 I05 II5 I25 25 35 45 55 65 75 85 95 I05 115 125 

♦ AMBIENT TEMPERATURE (Ta)-»C AMB I ENT TEMPERATURE (T^ )-‘C 


FIGURE 2. CDP1802A, AC TYPICAL MAXIMUM CLOCK FIGURE 3. CDP1802BC TYPICAL MAXIMUM CLOCK 

FREQUENCY AS A FUNCTION OF FREQUENCY A A FUNCTION OF 

TEMPERATURE TEMPERATURE. 



FIGURE 4. TYPICAL TRANSITION TIME vs LOAD FIGURE 5. CDP1802A, AC MINIMUM OUTPUT HIGH 

CAPACITANCE FOR ALL TYPES (SOURCE) CURRENT CHARACTERISTICS 



FIGURE 6. CDP1802A, AC MINIMUM OUTPUT LOW (SINK) FIGURE 7. CDP1802BC MINIMUM OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS CURRENT CHARACTERISTICS 
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CDP1802A. CDP1802AC. CDP1802BC 


Performance Curves (Continued) 



DRAIN-TO-SOURCE VOLTAGE (Vos>-V 


FIGURE 8. CDP1802BC MINIMUM OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 



NOTES: 0 01 01 I 10 

IDLE.“00“AT Ml0000) CLOCK INPUT FREQUENCY l«ci>-MHi 

BRANCH ' " 3707'’AT M (8107) 

Cl* 50 pF 

FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION 
OF CLOCK FREQUENCY FOR BRANCH 
INSTRUCTION AND IDLE INSTRUCTION 
FOR ALL TYPES 



ALOAD CAPACITANCE (ACl)— pF NOTE. ANY OUTPUT 
EXCEPT XTAL 


FIGURE 10. TYPICAL CHANGE IN PROPAGATION DELAY AS A FUNCTION OF A 
CHANGE IN LOAD CAPACITANCE FOR ALL TYPES 


























CDP1802A, CDP1802AC, CDP1802BC 


MEMORY ADDRESS LINES I/O FLAGS /-'-\ 

/-1-^ ^^ 555 CONTROL 

MAG MA4 MA2 MAO fFT EF3 >' ^ 

MAtImAsImAsImAiI |eF2|eF 4 in TNT CLEAR WAIT 


CONTROL AND 
TIMING LOGIC 


> XTAL 

► SCdl STATE 

PCODES 


TO INSTRUCTION r 
DECODE 


►TPA 1 

► TPB ISYSTEM 

► MWR pIMING 

►M^ J 


R(0).l 

R(0) 

0 

R(l) 1 

R(l) 

0 

R(2).l 

1 

R(2) 

0 

1 

R(9)l 

R(9) 

0 

R(A).I 


_0 

I 

R(E).I 


"o 

R(F).I 


.0 


8-BIT BIDIRECTIONAL DATA BUS 


I/O 

'■Ni Commands 


FIGURE 11. CDP1802A BLOCK DIAGRAM 


^ -FETCH (READ)--EXECUTE (WRITE)-^ 

CLOCK loofoTl lOnTlzofirisof^AolAilsofsTlGofGnTolTnoof^lolTnZoIznsolsnAOriTlsorsnGol^TOrTn 


ADDRESS I HI BYTE 


VALID INPUT DATA 


VALID OUTPUT DATA 


FIGURE 12. BASIC DC TIMING WAVEFORMS, ONE INSTRUCTION CYCLE 
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CDP1802A, CDP1802AC, CDP1802BC 


Signal Descriptions 

Bus 0 to Bus 7 (Data Bus): 

8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 

NO to N2 (I/O Control Unes): 

Activated by an I/O instruction to signal the I/O control logic 
of a data transfer between memory and I/O interface. These 
lines can be used to issue command codes or device selec¬ 
tion codes to the I/O devices (independently or combined 
with the memory byte on the data bus when an I/O instruc¬ 
tion is being executed). The N bits are low at all times except 
when an I/O Instruction is being executed. During this time 
their state is the same as the corresponding bits in the N 
register. 

The direction of data flow is defined in the I/O instruction by 
bit N3 (internally) and is indicated by the level of the MRD 
signal. 

MRD = Vcc- Data from I/O to CPU and Memory 
MRD = Vss-‘ Data from Memory to I/O 
EFTtoEF4‘(4 Flags): 

These inputs enable the I/O controllers to transfer status 
Information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used In 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to “call the attention” of the processor, in which 
case the program must routinely test the status of these 
flag(s). The flag(s) are sampled at the beginning of every S1 
cycle. 

INTERRUPT, DMA-iN, DMA-OUT (3 I/O Requests) 

These inputs are sampled by the CPU during the interval 
between the leading edge of TPB and the leading edge of 
TPA. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable is reset to 0 (inhibit); and instruction 
execution is resumed. The interrupt action requires one 
machine cycle (S3). 

DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and increment R(0). 

NOTE: In the event of concurrent DMA and Interrupt requests, 
DMA-IN has priority followed by DMA-OUT and then Interrupt. 

SCO, SCI, (2 State Code Lines): 

These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing a 
DMA request, or 4) acknowledging an interrupt request. The 
levels of state code are tabulated below. All states are valid 
atTPA.H = Vcc.L = Vss. 



STATE CODE UNES | 

STATE TYPE 

SCI 

SCO 

SO (Fetch) 

L 

L 

S1 (Execute) 

L 

H 

S2 (DMA) 

H 

L 

S3 (Interrupt) 

H 

H 


TPA, TPB (2 Timing Puises): 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
higher-order byte of the 16-bit memory address. TPA is sup¬ 
pressed In IDLE when the CPU is In the load mode. 

MAO to MA7 (8 Memory Address Lines): 

In each cycle, the higher-order byte of a 16-blt CPU memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
Into external address latches by timing pulse TPA. The low 
order byte of the 16-bit address appears on the address 
lines after the termination of TPA. Latching of ail 8 higher- 
order address bits would permit a memory system of 64K 
bytes. 

MWR (Write Pulse): 

A negative pulse appearing In a memory-write cycle, after 
the address lines have stabilized. 

1^ (Read Level): 

A low level on MRD Indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed mem¬ 
ory which may have a commpn data Input and output bus. If 
a m emory does not have a three-state high-impedance out¬ 
put, MRD is useful for driving memory/bus separator gates. It 
Is also used to indicate the direction of data transfer during 
an I/O instruction. For additional information see Table 1. 

Q: 

Single bit output from the CPU which can be set or reset 
under program control. During SEQ or REQ instruction exe¬ 
cution, Q is set or reset between the trailing edge of TPA and 
the leading edge of TPB. 

CLOCK: 

Input for externally generated single-phase clock. The clock 
is counted down internally to 8 clock pulses per machine 
cycle. 

WKL: 

Connection to be used with clock input terminal, for an exter¬ 
nal crystal, if the on-chip oscillator is utilized. The cr ystal is 
connected between terminals 1 and 39 (CLOCK and XTAL) 
In parallel with a resistance (10 megohms typ.). Frequency 
trimming capacitors may be required at terminals 1 and 39. 
For additional Information, see ICAN-6565. 
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CDP1802A, CDP1802AC, CDP1802BC 


WAIT, CLEAR (2 Control Lines): 

Provide four control modes as listed in the following truth 
table: 



Vdd Vss. Vcc (Power Levels): 

The internal voltage supply Vqd is isolated from the Input/ 
Output voltage supply Vcc so that the processor may oper¬ 
ate at maximum speed while interfacing with peripheral 
devices operating at lower voltage. Vcc i^^ust be less than or 
equal to Vqq. All outputs swing from Vss fo Vcc- The recom¬ 
mended input voltage swing is Vss fo Vcc- 

Architecture 

The CPU block diagram is shown in Figure 11. The principal 
feature of this system is a register array (R) consisting of 
sixteen 16 bit scratchpad registers. Individual registers in the 
array (R) are designated (selected) by a 4 bit binary code 
from one of the 4 bit registers labeled N, P, and X. The 
contents of any register can be directed to any one of the 
following three paths: 

1. The external memory (multiplexed, higher-order byte 
first, on to 8 memory address lines) 

2. The D register (either of the two bytes can be gated to D) 

3. The increment/decrement circuit where it is increased or 
decreased by one and stored back in the selected 16 bit 
register 

The three paths, depending on the nature of the instruction, 
may operate independently or in various combinations In the 
same machine cycle. 

With two exceptions, CPU instruction consists of two 8-clock- 
pulse machine cycles. The first cycle is the fetch cycle, and 
the second - and third if necessary - are execute cycles. 
During the fetch cycle the four bits In the P designator select 
one of the 16 registers R(P) as the current program counter. 
The selected register R(P) contains the address of the 
memory location form which the instruction is to be fetched. 
When the instruction is read out from the memory, the higher 
order 4 bits of the instructbn byte are loaded into the I register 
and the lower order 4 bits Into the N register. The content of 
the program counter is automatically incremented by one so 
that R(P) is now “pointing” to the next byte in the memory. 

The X designator selects one of the 16 register R(X) to 
“point” to the memory for an operand (or data) in certain ALU 
or I/O operations. 

The N designator can perform the following five functions 
depending on the type of instruction fetched: 

1. Designate one of the 16 registers in R to be acted upon 
during register operations 


2. Indicate to the I/O devices a command code or device 
selection code for peripherals 

3. Indicate the specific operation to be executed during the 
ALU instructions, types of test to be performed during the 
Branch instruction, or the specific operation required in a 
class of miscellaneous instructions (70-73 and 78-7B). 

4. Indicate the value to be loaded into P to designate a new 
register to be used as the program counter R(P) 

5. Indicate the value to be loaded into X to designate a new 
register to be used as data pointer R(X) 

The registers In R can be assigned by a programmer in three 
different ways: as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 

Program Counters 

Any register can be the main program counter; the address 
of the selected register is held In the P designator. Other 
registers in R can be used as subroutine program counters. 
By single instruction the contents of the P register can be 
changed to effect a “call" to a subroutine. When interrupts 
are being serviced, register R(1) is used as the program 
counter for the user’s Interrupt servicing routine. After reset, 
and during a DMA operation, R(0) is used as the program 
counter. At all other times the register designated as 
program counter Is at the discretion of the user. 

Data Pointers 

The registers in R may be used as data pointers to indicate a 
location in memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 1). 

1. ALU operations F1-F5, F7, 74, 75, 77 

2. Output Instructions 61 through 67 

3. Input instructions 69 through 6F 

4. Certain miscellaneous instructions - 70-73, 78, 60, FO 

The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory” instructions ON and 4N and the 
“Store D” instruction 5N. The register designated by P (i.e., 
the program counter) is used as the data pointer for ALU 
instructions F8-FD, FF, 7C, 7D, 7F. During these instruction 
executions, the operation is referred to as "data immediate". 

Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-ln or DMA-Out request is received, one machine cycle 
Is “stolen”. This operation occurs at the end of the execute 
machine cycle in the current instruction. Register R(0) is 
always used as the data pointer during the DMA operation. 
The data is read from (DMA-Out) or written Into (DMA-ln) the 
memory location pointed to by the R(0) register. At the end 
of the transfer, R(0) is incremented by one so that the 
processor is ready to act upon the next DMA byte transfer 
request. This feature in the 1800-serles architecture saves a 
substantial amount of logic when fast exchanges of blocks of 
data are required, such as with magnetic discs or during 
CRT-display-refresh cycles. 
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Data Registers 

When registers in R are used to store bytes of data, four 
instructions are provided which allow D to receive from or 
write into either the higher-order or lower-order byte portions 
of the register designated by N. By this mechanism (together 
with loading by data immediate) program pointer and data 
pointer designations are initialized. Also, this technique 
allows scratchpad registers in R to be used to hold general 
data. By employing increment or decrement instructions, 
such registers may be used as loop counters. 

The Q Flip-Flop 

An internal flip-flop, Q, can be set or reset by instruction and 
can be sensed by conditional branch Instructions. The output 
of Q is also available as a microprocessor output. 

Interrupt Servicing 

Register R(1) Is always used as the program counter 
whenever interrupt servicing Is initiated. When an interrupt 
request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the 
current instruction), the contents of the X and P registers 
are stored in the temporary register T, and X and P are set 
to new values; hex digit 2 In X and hex digit 1 in P. Interrupt 
Enable is automatically deactivated to inhibit further 
Interrupts. The user’s interrupt routine is now in control; the 
contents of T may be saved by means of a single instruction 
(78) in the memory location pointed to be R(X). At the 
conclusion of the Interrupt, the user’s routine may restore 
the pre-Interrupted value of X and P with a single Instruction 
(70 or 71). The Interrupt Enable flip flop can be activated to 
permit further Interrupts or can be disabled to prevent them. 

CPU Register Summary 


CDP1802 Control Modes 

The WAIT and CLEAR lines provide four control modes as 
listed in the following truth table: 



The function of the modes are defined as follows: 

Load 

Holds the CPU in the IDLE execution state and allows an I/O 
device to load the memory without the need for a “bootstrap” 
loader. It modifies the IDLE condition so that DMA-1 N opera¬ 
tion does not force execution of the next instruction. 


Registers I, N, Q are reset, IE is set and O’s (Vss) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in SI. The first machine cycle 
after termination of reset Is an initialization cycle which 
requires 9 clock pulses. During this cycle the CPU remains 
in SI and register X, P, and R(0) are reset. Interrupt and 
DMA servicing are suppressed during the Initialization cycle. 
The next cycle is an SO, SI, or an S2 but never an S3. With 
the use of a 71 Instruction followed by 00 at memory loca¬ 
tions 0000 and 0001, this feature may be used to reset IE, 
so as to preclude interrupts until ready for them. Powerup 
reset can be realized by connecting an RC network directly 
to the CLEAR pin, since it has a Schmitt triggered Input, see 
Figure 13. 


8 Bits 

Data Register (Accumulator) 

1 Bit 

Data Flag (ALU Carry) 

8 Bits 

Auxiliary Holding Register 

16 Bits 

1 of 16 Scratchpad Registers 

4 Bits 

Designates which register is Program 
Counter 

4 Bits 

Designates which register is Data 
Pointer 

4 Bits 

Holds Low-Order Instruction Digit 

4 Bits 

Holds High-Order Instruction Digit 

8 Bits 

Holds old X, P after Interrupt (X is 
high nibble) 

1 Bit 

Interrupt Enable 

1 Bit 

Output Flip Flop 



The RC time constant 
should be greater than 
the oscillator start-up time 
{typically 20 ms). 


FIGURE 13. RESET DIAGRAM 


Stops the internal CPU timing generator on the first negative 
high-to-low transition of the input clock. The oscillator contin¬ 
ues to operate, but subsequent clock transitions are ignored. 


M^ be Initiated from the Pause or Reset mode functions. If 
Initiated from Pause, the CPU resumes operation on the first 
negative high-to-low transition of the input clock. When initi¬ 
ated from the Reset operation, the first machine cycle follow¬ 
ing Reset is always the initialization cycle. The initialization 
cycle is then followed by a DMA (S2) cycle or fetch (SO) from 
location 0000 in memory. 
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Run-Mode State Transitions 

The CPU state transitions when in the RUN and RESET 
modes are shown in Figure 14. Each machine cycle requires 
the same period of time, 8 clock pulses, except the initializa¬ 
tion cycle, which requires 9 clock pulses. The execution of 
an instruction requires either two or three machine cycles, 
SO followed by a single SI cycle or two SI cycles. S2 is the 
response to a DMA request and S3 is the interrupt response. 
Table 2 shows the conditions on Data Bus and Memory- 
Address lines during ail machine states. 

Instruction Set 

The CPU instruction summary is given in Table 1. Hexadeci¬ 
mal notation is used to refer to the 4 bit binary codes. 

In all registers bits are numbered from the least significant 
bit (LSB) to the most significant bit (MSB) starting with 0. 

R(W): Register designated by W, where 
W = N or X, or P 

R(W).0: Lower order byte of R(W) 

R(W).1: Higher order byte of R(W) 

Operation Notation 

M(R(N)) -> D; R(N) + 1 -> R{N) 

This notation means: The memory byte pointed to by R(N) 
is loaded into D, and R(N) is incremented by 1. 


(LONG BRANCH. 

LONG SKIP, NOP, ETC) 



PRIORITY FORCE SO, SI 
DMA IN 
DMA OUT 
INT 


FIGURE 14. STATE TRANSITION DIAGRAM 


TABLE 1. INSTRUCTION SUMMARY (See Notes at End of Table) 


INSTRUCTION 


MEMORY REFERENCE 


LOAD VIA N 
LOAD ADVANCE 
LOAD VIA X 

LOAD VIA X AND ADVANCE 
LOAD IMMEDIATE 
STORE VIA N 

STORE VIA X AND DECREMENT 


REGISTER OPERATIONS 


INCREMENT REG N 
DECREMENT REG N 
INCREMENT REG X 
GET LOW REG N 
PUT LOW REG N 
GET HIGH REG N 
PUT HIGH REG N 


LOGIC OPERATIONS* 


OR 

OR IMMEDIATE 


*The arithmetic operations and the shift instructions are the only 
instructions that can alter the DF. After an add instruction: 

DF = 1 denotes a carry has occurred 
DF = 0 Denotes a carry has not occurred 
After a subtract instruction: 

DF = 1 denotes no borrow. D is a true positive number 

DF = 0 denotes a borrow. D is two’s complement 

The syntax “-(not DF)” denotes the subtraction of the borrow 



OPERATION 


M(R(N)) ^ D; for N not 0 
M(R(N)) ^ D; R(N) + 1 ->R(N) 
M(R(X)) D 

M(R(X)) D; R(X) + 1 -> R(X) 
M(R(P)) -> D; R(P) + 1 R(P) 
D M(R(N) 

D M(R(X)); R(X) -1 R(X) 


R(N) + 1 R(N) 
R(N) -1 ^ R(N) 
R(X) + 1 ^ R(X) 
R(N).0 D 
D -4 R(N).0 
R(N).1 -4 D 
D -4 R(N).1 


M(R(X)) OR D -4 D 

M(R(P)) OR D -4 D; R(P) + 1 -4 R(P) 


“This instruction is associated with more than one mnemonic. Each 
mnemonic is individually listed. 

1^An idle Instruction Initiates a repeat ing SI cycle. The p rocess or wil l 
conti nue to Idle until an I/O request (INTERRUPT, DMA-IN, or DMA- 
OUT) Is activated. When the request is acknowledged, the idle cycle 
is terminated and the I/O request is serviced, and then normal oper¬ 
ation is resumed. 
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End of Table) 


INSTRUCTION 


LOGIC OPERATIONS* (Continued) 


EXCLUSIVE OR 
EXCLUSIVE OR IMMEDIATE 
AND 

AND IMMEDIATE 
SHIFT RIGHT 

SHIFT RIGHT WITH CARRY 
RING SHIFT RIGHT 
SHIFT LEFT 

SHIFT LEFT WITH CARRY 
RING SHIFT LEFT 


ARITHMETIC OPERATIONS* 


MNEMONIC OPCODE 


OPERATION 



F3 

M(R(X)) XOR D -4 D 

FB 

M(R(P)) XOR D -4 D; R(P) 4 1 -> R(P) 

F2 

M(R(X)) AND D -4 D 

FA 

M(R(P)) AND D ^ D; R(P) 4 1 -4 R(P) 

F6 

SHIFT D RIGHT, LSB(D) -4 DF, 0 -4 MSB(D) 

76** 

SHIFT D RIGHT, LSB(D) -4 DF, DF -4 MSB(D) 

FE 

SHIFT D LEFT, MSB(D) -4 DF, 0 ^ LSB(D) 

7E** 

SHIFT D LEFT, MSB(D) -4 DF,DF -4 LSB(D) 


ADD 

ADD 

ADD IMMEDIATE 

ADI 

ADD WITH CARRY 

ADC 

ADD WITH CARRY, IMMEDIATE 

ADCI 

SUBTRACT D 

SD 

SUBTRACT D IMMEDIATE 

SDI 

SUBTRACT D WITH BORROW 

SDB 

SUBTRACT D WITH BORROW, IMMEDIATE 

SDBI 

SUBTRACT MEMORY 

SM 

SUBTRACT MEMORY IMMEDIATE 

SMI 

SUBTRACT MEMORY WITH BORROW 

SMB 

SUBTRACT MEMORY WITH BORROW, 

SMBI 

IMMEDIATE 





BRANCH INSTRUCTIONS - SHORT BRANCH 


SHORT BRANCH 

NO SHORT BRANCH (SEE SKP) 

SHORT BRANCH IF D = 0 

SHORT BRANCH IF D NOT 0 

SHORT BRANCH IF DF = 1 

SHORT BRANCH IF POS OR ZERO 

SHORT BRANCH IF EQUAL OR GREATER 

SHORT BRANCH IF DF = 0 

SHORT BRANCH IF MINUS 

SHORT BRANCH IF LESS 

SHORT BRANCH IF Q = 1 

SHORT BRANCH IF Q = 0 _ 

SHORT BRANCH IF EF1 = 1 (ER = Vss) 
SHORT BRANCH IF EF1 = 0 (ER = Vcc) 
SHORT BRANCH IF EF2 = 1 (^ = Vgs) 
SHORT BRANCH IF EF2 = 0 (E^ = Vcc) 
SHORT BRANCH IF EF3 = 1 (EF3 = Vgs) 
SHORT BRANCH IF EF3 = 0 (EF3 = Vcc) 
SHORT BRANCH IF EF4 = 1 (EF4 = Vgs) 
SHORT BRANCH IF EF4 = 0 (EF4 = Vcc) 


BRANCH INSTRUCTIONS - LONG BRANCH 


LONG BRANCH 

NO LONG BRANCH (SEE LSKP) 


*The arithmetic operations and the shift instructions are the only 
instructions that can alter the DF. After an add instruction: 

DF = 1 denotes a carry has occurred 
DF = 0 Denotes a carry has not occurred 
After a subtract instruction: 

DF = 1 denotes no borrow. D is a true positive number 

DF = 0 denotes a borrow. D is two’s complement 

The syntax “-(not DF)" denotes the subtraction of the borrow 




M(R(X)) + D ^ DF, D 

M(R(P)) + D DF, D; R(P) + 1 -> R(P) 

M(R(X)) + D + DF DF, D 

M(R(P)) + D + DF ^ DF, D,R(P) + 1 R(P) 

M(R(X)) - D -> DF, D 

M(R(P)) - D -4 DF. D; R(P) + 1 R(P) 

M(R(X)) - D - (Not DF) DF, D 

M(R(P)) - D - (Not DF) ^ DF, D; R(P) + 1 F 

D-M(R(X)) DF, D 

D-M(R(P)) DF, D; R(P) + 1 R(P) 

D-M(R(X))-(NOT DF) DF, D 

D-M(R(P))-(NOT DF) DF, D, R(P) + 1 -> Rl 


M(R(P)) R(P).0 

R(P) + 1 R(P) 

If D = 0, M(R(P)) R(P).0, Else R(P) + 1 R(P) 

If D Not 0, M(R(P)) -4 R(P).0, Else R(P) + 1 -4 R(P) 
If DF = 1, M(R(P)) ^ R(P).0, Else R(P) + 1 -4 R(P) 


If DF = 0, M(R(P)) -4 R(P).0, Else R(P) + 1 -4 R(P) 


.M(R(P))-9 
), M(R(P)) 

= 1,M(R(P)) 
= 0,M(R(P)) 
= 1,M(R(P)) 
= 0, M(R(P)) 
= 1.M(R(P)) 
= 0, M(R(P)) 
= 1,M(R(P)) 
= 0, M(R(P)) 


► R(P).0, Else R(P) 4 1 -4 

► R(P).0, Else R(P) + 1 -4 
-^R(P).0, Else R(P) + 1- 

R(P).0, Else R(P) + 1 - 
-4 R(P).0, Else R(P) + 1 - 
-4 R(P).0, Else R(P) 4 1 - 
-> R(P).0, Else R(P) 4 1 - 
->R(P).0, ElseR(P)4 1 - 
-4 R(P).0, Else R(P) 4 1 - 
-4 R(P).0, Else R(P) 4 1 - 


M(R(P)) -4 R(P).1, M(R(P) 4 1) -4 R(P).0 
R(P) = 2 ^ R(P) 


**This instruction is associated with more than one mnemonic. Each 
mnemonic is individually listed. 

^An Idle Instruction initiates a repeat ing S1 cycle. The p rocess or wil l 
conti nue to Idle until an I/O request (INTERRUPT, DMA-IN, or DMA- 
OUT) is activated. When the request Is acknowledged, the idle cycle 
is terminated and the I/O request is serviced, and then normal oper¬ 
ation is resumed. 
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End Of Table) 


INSTRUCTION 

MNEMONIC 

OP CODE 

OPERATION 

BRANCH INSTRUCTIONS - LONG BRANCH (Continued) 



LONG BRANCH IF D = 0 

LBZ 

C2 

IF D = 0, M(R(P)) -> R(P).1, M(R(P) + 1) -> R(P).0 
Else R(P)+2->R(P) 

LONG BRANCH IF D NOT 0 

LBNZ 

CA 

IFDNotO, M(R(P))-4R(P).1, 

M(R(P) + 1)-»R(P).0 

Else R(P)+2-»R(P) 

LONG BRANCH IF DF = 1 

LBDF 

C3 

IF DF = 1, M(R(P)) -» R(P).1, M(R(P) + 1) R(P).0 

Else R(P)+2-^R(P) 

LONG BRANCH IF DF = 0 

LBNF 

CB 

IF DF = 0, M(R(P)) R(P).1, M(R(P) + 1) R(P).0 

Else R(P)+2^R(P) 

LONG BRANCH IF Q = 1 

LBQ 

Cl 

IF Q = 1, M(R(P)) -> R(P).1, M(R(P) + 1) -> R(P).0 
Else R(P)+2->R(P) 

LONG BRANCH IF Q = 0 

LBNQ 

C9 

IF Q = 0, M(R(P)) R(P).1, M(R(P) + 1) -> R(P).0 

Else R(P)+2->R(P) 

SKIP INSTRUCTIONS | 

SHORT SKIP (SEE NBR) 

SKP 

38** 

R(P) + 1 R(P) 

LONG SKIP (SEE NLBR) 

LSKP 

C8** 

R(P) 2 -> R(P) 

LONG SKIPIFD = 0 

LSZ 

CE 

If D = 0, R(P) + 2 R(P), Else Continue 

LONG SKIP IF D NOT 0 

LSNZ 

C6 

If D Not 0, R(P) -h 2 -» R(P), Else Continue 

LONG SKIP IF DF = 1 

LSDF 

CF 

If DF = 1, R(P) + 2 R(P), Else Continue 

LONG SKIP IF DF = 0 

LSNF 

01 

If DF = 0, R(P) + 2 -^ R(P), Else Continue 

LONG SKIP IF Q = 1 

LSQ 

CD 

If Q = 1, R(P) + 2 R(P), Else Continue 

LONG SKIPIFQ = 0 

LSNQ 

CS 

If Q = 0, R(P) + 2 -^ R(P), Else Continue 

LONG SKIP IF IE = 1 

LSIE 

CC 

If IE = 1, R(P) + 2 ^ R(P), Else Continue 

CONTROL INSTRUCTIONS 

IDLE 

IDL 

oot 

Wait for DMA or INTERRUPT; M(R(0)) -> BUS 

NO OPERATION 

NOP 

C4 

Continue 

SETP 

SEP 

DN 

N->P 

SETX 

SEX 

EN 

N-4X 

SETQ 

SEQ 

7B 

1 -^Q 

RESET Q 

REQ 

7A 

0-^Q 

SAVE 

SAV 

78 

T M(R(X)) 

PUSH X, P TO STACK 

MARK 

79 

(X, P) T; (X, P) M(R(2)) Then P X; 

R(2) - 1 R(2) 

RETURN 

RET 

70 

M(R(X)) (X, P); R(X) + 1 -> R(X), 1 ^ IE 

DISABLE 

DiS 

71 

M(R(X)) (X, P); R(X) 1 -> R(X), 0 IE 

INPUT-OUTPUT BYTE TRANSFER 

OUTPUT 1 

OUT1 

61 

M(R(X)) -> BUS; R(X) + 1 R(X); N LINES = 1 

OUTPUT 2 

OUT 2 

62 

M(R(X)) BUS; R(X) + 1 R(X); N LINES = 2 

OUTPUT 3 

OUT 3 

63 

M(R(X)) ^ BUS; R(X) + 1 R(X); N LINES = 3 

OUTPUT 4 

OUT 4 

64 

M(R(X)) -> BUS; R(X) + 1 R(X); N LINES = 4 

OUTPUT 5 

OUTS 

65 

M(R(X)) BUS; R(X) + 1 -> R(X); N LINES = 5 

OUTPUT 6 

OUT 6 

66 

M(R(X)) BUS; R(X) -h 1 R(X); N LINES = 6 

OUTPUT 7 

OUT 7 

67 

M(R(X)) BUS; R(X) + 1 R(X); N LINES = 7 

INPUT 1 

INP 1 

69 

BUS-^ M(R(X)); BUS D; N LINES = 1 

INPUT 2 

INP2 

6A 

BUS-^ M(R(X)); BUS ^ D; N LINES = 2 

INPUTS 

INP 3 

6B 

BUS-> M(R(X)); BUS -> D; N LINES = 3 

INPUT 4 

INP 4 

6C 

BUS-> M(R(X)); BUS D; N LINES = 4 

INPUTS 

INPS 

6D 

BUS-> M(R(X)); BUS ^ D; N LINES = 5 


‘The arithmetic operations and the shift instructions are the only 
instructions that can alter the DR After an add instruction: 

DF = 1 denotes a carry has occurred 
DF = 0 Denotes a carry has not occurred 
After a subtract instruction: 

DF = 1 denotes no borrow. D is a true positive number 

DF = 0 denotes a borrow. D is two’s complement 

The syntax “-(not DF)” denotes the subtraction of the borrow 


**This instruction is associated with more than one mnemonic. Each 
mnemonic is individually listed. 

^An idle instruction Initiates a repeati ng S1 cycle. The p rocess or wil l 
conti nue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA- 
OUT) is activated. When the request is acknowledged, the idle cycle 
Is terminated and the I/O request is serviced, and then normal oper¬ 
ation Is resumed. 
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End of Table) 


INSTRUCTION 

MNEMONIC 

OP CODE 

OPERATION 

INPUT-OUTPUT BYTE TRANSFER (Continued) 

INPUTS 

INP6 


BUS-> M(R(X)); BUS D; N LINES = 6 

INPUT? 

INP7 


BUS^ M(R(X)); bus ^ D; N LINES = 7 


*The arithmetic operations and the shift instructions are the only 
instructions that can alter the DR After an add instruction: 

DF = 1 denotes a carry has occurred 
DF = 0 Denotes a carry has not occurred 
After a subtract instruction: 

DF = 1 denotes no borrow. D is a true positive number 

DF = 0 denotes a borrow. D is two’s complement 

The syntax “-(not DF)" denotes the subtraction of the borrow 


“This instruction is associated with more than one mnemonic. Each 
mnemonic is individually listed. 

^An idle instruction initiates a repeati ng S1 cycle. The p rocess or wil l 
conti nue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA- 
OUT) is activated. When the request is acknowledged, the Idle cycle 
is terminated and the I/O request is serviced, and then normal oper¬ 
ation Is resumed. 


NOTES FOR TABLE 1 

1. Long-Branch, Long-Skip and No Op instructions require three 
cycles to complete (1 fetch + 2 execute). 

Long-Branch instructions are three bytes long. The first byte 
specifies the condition to be tested; and the second and third 
byte, the branching address. 

The long-branch Instructions can: 

a. Branch unconditionally 

b. Test for D = 0 or D 0 

c. Test for DF = 0 or DF = 1 

d. Test for Q = 0 or Q = 1 

e. Effect an unconditional no branch 

If the tested condition is met, then branching takes place; the 
branching address bytes are loaded in the high-and-low order 
bytes of the current program counter, respectively. This 
operation effects a branch to any memory location. 

If the tested condition is not met, the branching address bytes 
are skipped over, and the next instruction in sequence is fetched 
and executed. This operation Is taken for the case of uncondi¬ 
tional no branch (NLBR). 

2. The short-branch instructions are two bytes long. The first byte 
specifies the condition to be tested, and the second specifies 
the branching address. 

The short branch instruction can: 

a. Branch unconditionally 

b. Test for D = 0 or D 0 

c. Test for DF = 0 or DF = 1 

d. Test for Q = 0 or Q = 1 

e. Test the status (1 or 0) of the four EF flags 

f. Effect an unconditional no branch 


If the tested condition is met, then branching takes place; the 
branching address byte is loaded into the low-order byte position 
of the current program counter. This effects a branch within the 
current 256-byte page of the memory, i.e., the page which holds 
the branching address. If the tested condition is not met, the 
branching address byte is skipped over, and the next Instruction 
In sequence is fetched and executed. This same action is taken 
In the case of unconditional no branch (NBR). 

3. The skip instructions are one byte long. There Is one Uncondi¬ 
tional Short-Skip (SKP) and eight Long-Skip Instructions. 

The Unconditional Short-Skip instruction takes 2 cycles to 
complete (1 fetch + 1 execute). Its action Is to skip over the byte 
following it. Then the next instruction in sequence Is fetched and 
executed. This SKP instruction Is identical to the unconditional 
no-branch instruction (NBR) except that the skipped-over byte is 
not considered part of the program. 

The Long-Skip instructions take three cycles to complete 
(1 fetch + 2 execute). 

They can: 

a. Skip unconditionally 

b. Test for D = 0 or D 0 

c. Test for DF = 0 or DF = 1 

d. Test for Q = 0 or Q = 1 

e. Test for IE = 1 

If the tested condition is met, then Long Skip takes place; 
the current program counter Is incremented twice. Thus two 
bytes are skipped over and the next instruction in sequence 
is fetched and executed. If the tested condition is not met, 
then no action is taken. Execution is continued by fetching 
the next instruction in sequence. 
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Timing Waveforms 


MEMORY !2PLH.^PHlVhIGH ORDER ^P[,H.*PHLV | LOW ORDER 


MRD 

(MEMORY 
READ CYCLE) 

MWR 
(MEMORY 
WRITE CYCLE) 

DATA FROM / 
CPU TO BUS / 


STATE 

CODES tpHL^ 


N0,NI,N2 _^PLH 
(I/O 

EXECUTION 
CYCLE) - 


DATA FROM 
BUS TO CPU 




DMA I SAMPLED (SI, S2,S3) 


INTERRUPT 

REQUEST 


I FLAG LINES ' 
SAMPLED ( IN SI) 


INTERRUPT ySU <H 
SAMPLED (SI.S2) | 


ANY NEGATIVE 
TRANSITION 



1. This timing diagram is used to show signal relationships only 
and does not represent any specific machine cycle. 

2. All measurements are referenced to 50% point of the 
waveforms. 

3. Shaded areas indicate “Don’t Care” or undefined state. 

Multiple transitions may occur during this period. 


FIGURE 15. TIMING WAVEFORMS 
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CDP1802A, CDP1802AC, CDP1802BC 


Dynamic Electrical Characteristics at Ta = -40°C to +85°C, Cl = 50pF; Vqd ±5% 


CHARACTERISTIC 

SYMBOL 

Vcc 

(V) 

Vdd 

(V) 

CDP1802A, 
CDP1802AC LIMITS 

CDP1802BC 

LIMITS 

UNITS 

TYP* 

MAX 

TYP* 

MAX 

PROPAGATION DELAY TIMES 

Clock to TPA, TPB 

tpLH.tpHL 

5 

5 

200 

BB 

200 

300 

ns 



5 

10 

150 

BB 

- 

- 




10 

10 

100 

BB 

- 

- 


Clock-to-Memory High-Address Byte 

^PLH» tpHL 

5 

5 

600 

850 

475 

525 

ns 



5 

10 

400 

600 

- 

- 




10 

10 

300 

400 

• 

‘ 


Clock-to-Memory Low-Address Byte Valid 

tpLH» tpHL 

5 

5 


BB 

175 

250 

ns 



5 

10 


m&m 

- 

- 




10 

10 

100 

BB 

- 

- 


Clock to MRD 

tpHL 

5 

5 

BB 

BB 

175 

275 

ns 



5 

10 

BB 

BB 

- 

- 




10 

10 

mm 

BB 

- 

- 


Clock to MRD 

tpLH 

5 

5 

BB 

350 

175 

275 

ns 



5 

10 

BB 

290 

- 

- 




10 

10 

BB 

175 

- 

- 


Clock to M^ 

tpLHitpHL 

5 

5 

BB 

BB 

175 

225 

ns 



5 

10 

BB 

WmM 

- 

- 




10 

10 

BB 

BB 

- 

" 


Clock to (CPU DATA to BUS) Valid 

tpLH.tpHL 


5 

300 

450 

250 

375 

ns . 




10 

250 

350 

- 

- 




10 

10 

100 

200 

- 

- 


Clock to State Code 

tpLH» ^PHL 

5 

5 

BB 

BB 

250 

400 

ns 



5 

10 

BB 

BB 

- 

- 




10 

10 

BB 

BB 

- 

■ 


Clock to Q 

tpLH.tpHL 

5 

5 

250 

400 

200 

300 

ns 



5 

10 

150 

250 

- 

- 




10 

10 

100 

150 

- 

- 


Clock to N (0-2) 

tpLH.tpHL 

5 

5 

300 

550 

275 

350 

ns 



5 

10 

200 

350 

- 

- 




10 

10 

150 

250 

- 

- 



MINIMUM SET UP AND HOLD TIMES: 


Data Bus Input Set Up 

tsu 

5 

5 

-20 



5 

10 

0 



10 

10 

-10 

Data Bus Input Hold 

tH** 

5 

5 

BEfll 



5 

10 

■EH 



10 

10 

75 

Di^ Set Up 

tsu 

5 

5 

0 



5 

10 

0 



10 

10 

0 

D^Hold 


5 

5 

BBI 



5 

10 

■ ■ 



10 

10 

75 

Interrupt Set Up 

tsu 

5 

5 

-75 



5 

10 

-50 



10 

10 

-25 


25 

50 

40 


-20 


200 

125 

100 


125 


150 


30 

20 

10 


30 


250 

200 

125 


100 


150 


-75 


‘Typical values are for T^ = +25°C and nominal Vqq. 

'Maximum limits of minimum characteristics are the values above which all devices function 


0 

0 

0 















































































































































CDP1802A, CDP1802AC, CDP1802BC 
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CDP1802A, CDP1802AC, CDP1802BC 



TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 


N MNEMONIC 


RESET 


Initialize 

Not Programmer 
Accessible 


FETCH 

rzi 

IDL 

IDll 

LDN 

mai 

INC 

lEBI 

DEC 

O-F 

Short 

Branch 

mai 

LDA 

lEai 

STR 

0 

IRX 

1 

OUT1 

2 

OUT 2 

B 

OUT 3 

4 

OUT 4 

5 

OUTS 

6 

OUT 6 

7 

OUT 7 

9 

I INP1 

A 

INP2 

B 

INP 3 

B 

INP 4 

D 

INP 5 

E 

INP 6 

F 

INP 7 


RET 


DIS 


LDXA 


STXD 


ADC 


SDB 


OPERATION 

DATA 

BUS 

MEMORY 

ADDRESS 

0 1, N, Q, X, P; 1 ^ IE 

00 

XXXX 

0000 ^R 

00 

XXXX 

MRP -> I, N; RP + 1 -» RP 

MRP 

RP 

IDLE 

MRO 

RO 

MRN-»D 

MRN 

RN 

RN + 1 RN 

Float 

RN 

RN -1 ^ RN 

Float 

RN 

Taken: MRP RP.O 

Not Taken; RP + 1 -> RP 

MRP 

RP 

MRN -♦ D; RN + 1 RN 

MRN 

RN 

D-4MRN 

D 

RN 

RX + 1 ^ RX 

MRX 

RX 

MRX -> BUS; RX + 1 ^ RX 

MRX 

RX 



MRX -> (X,P); RX + 1 RX; 
1 ^lE 


MRX (X, P); RX + 1 -» RX; 
0->IE 


MRX D; RX + 1 RX 


D -> MRX; RX -1 -^RX 


MRX + D + DF -> DF, D 


MRX - D - DFN DF, D 



NOTES: 

E. Suppress TPA, wait for DMA. 

A. 

IE = 1, TPA, TPB suppressed, state = S1. 

F. IN REQUEST has priority over OUT REQUEST. 

B. 

BUS = 0 for entire cycle. 

G. Number refers to machine cycle. See Figure 16 timing waveforms 

C. 

Next state always SI, 

for machine cycles 1 through 9. 

D. 

Wait for DMA or INTERRUPT. 
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CDP1802A, CDP1802AC, CDP1802BC 


2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 


N MNEMONIC 


SHRC 


SMB 


SAV 


MARK 



OPERATION 


LSB(D) DF; DF MSB(D) 


D - MRX - DFN DF. D 


T->MRX 


(X. P) -> T. MR2; P X; 
R2-1 -4 R2 


0-^Q 


1 ->Q 


MRP + D + DF -4 DF, D; RP + 1 


MRP - D - DFN DF, D; RP + 1 


MSB(D) -> DF; DF -> LSB(D) 


D - MRP - DFN -4 DF, D; RP + 1 


RN.O D 


RN.1 ^ D 


D RN.O 


D RN.1 


Taken: MRP ^ B; RP + 1 -> RP 


Taken: B RP.1; MRP RP.O 


Not Taken: RP + 1 RP 


Not Taken: RP + 1 -> RP 


Taken: RP + 1 RP 


Taken: RP + 1 RP 


Not Taken: No Operation 


Not Taken: No Operation 


No Operation 


No Operation 


N-^P 


N-^X 


MRX-4 D 


MRX OR D ^ D 
MRX AND D -4 D 
MRX XOR D D 
MRX + D -4 DF, D 
MRX - D DF, D 
D - MRX -4 DF, D 


LSB(D) ^ DF; 0 -4 MSB(D) 


DATA 

BUS 

MEMORY 

ADDRESS 

Float 

RX 

MRX 

RX 

T 

RX 

■ 

R2 

Float 

RP 

Float 

RP 

MRP 

RP 

MRP 

RP 

Float 

RP 

MRP 

RP 

RN.O 

RN 

RN.1 

RN 

D 

RN 

D 

RN 

MRP 

RP 

M(RP + 1) 

RP + 1 

MRP 

RP 

M(RP + 1) 

RP + 1 

MRP 

RP 

M(RP + 1) 

RP+1 

MRP 

RP 

MRP 

RP 

MRP 

RP 

MRP 

RP 

NN 

RN 

NN 

RN 

MRX 

RX 

MRX 

RX 



NOTES: 

E. Suppress TPA, wait for DMA. 

A. IE = 1, TPA, TPB suppressed, state = SI. 

F. IN REQUEST has priority over OUT REQUEST. 

B. BUS = 0 for entire cycle. 

G. Number refers to machine cycle. See Figure 16 timing waveforms 

C. Next state always SI. 

for machine cycles 1 through 9. 

D. Wait for DMA or INTERRUPT. 
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CDP1802A, CDP1802AC, CDP1802BC 


TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 


MNEMONIC 



DMA OUT 


INTERRUPT 


LOAD 


A. IE = 1, TPA, TPB suppressed, state = S1. 

B. BUS = 0 for entire cycle. 

C. Next state always S1. 

D. Wait for DMA or INTERRUPT. 


OPERATION 

DATA 

BUS 

MEMORY 

ADDRESS 

MRP -» D; RP + 1 RP 

MRP OR D D; RP + 1 ^ RP 

MRP AND D ^ D; RP + 1 RP 
MRP XOR D D; RP + 1 RP 
MRP + D DF, D; RP + 1 -4 RP 
MRP - D -4 DF, D; RP + 1 -> RP 

D - MRP -4 DF, D; RP + 1 ^ RP 

MRP 

RP 

MSB(D) -4 DF; 0 -4 LSB(D) 

Float 

RP 

BUS -4 MRO; RO + 1 -4 RO 

Data 
from I/O 
Device 

RO 

MRO -4 BUS; RO + 1 -4 RO 

MRO 

RO 

X, P -4 T; 0 -4 IE, 1 -4 P; 2-4 X 

Float 

RN 

IDLE (CLEAR, WAIT = 0) 

M(R0-1) 

RO-1 


LINES NOTES® 



E. Suppress TPA, wait for DMA. 

F. IN REQUEST has priority over OUT REQUEST. 

G. Number refers to machine cycle. See Figure 16 timing waveforms 
for machine cycles 1 through 9. 


0l2345b/0l?-54b67012345670123456701234 

clock njiJTJTjrrLTiJTJTrijnjijiJijnjnjiJijnji-JXJ^^ 


3IGH ADD LOW ADDRESS 


GENERAL TIMING WAVEFORMS 


_ FETCH ISO) 

-MEMORY REA!) CYOLI 


ALLOWABLE MEMORY AC ( f SS 


CYCLE (n ♦ 3) I CYCLE (n + 4) 


TaDdT low address |hiGH ADdI low ADDRESS |hIGH ADD| LOW ADDRESS )hIGH ADD| LOW 


EXEC UK (SI I 
)N ME MORY CY(,LE - 


_ FETCH (SO) 

-MEMORY READ CYCLE - 


NO. 1 NON MEMORY CYCLE TIMING WAVEFORMS 


EXECUTE (S1> 
-NON MEMORY CYCLE - 


“DON’T CARE” OR INTERNAL DELAYS fggH HIGH IMPEDANCE STATE 

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) 
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CDP1802A, CDP1802AC, CDP1802BC 


° 123456 70123456701234567 012345670 


- READ WRITE OR _ 

NON MEMORY CYCLE 


VALID DATA PROM INPUT DEVICE 


MEMORY 
" WRITE CYCLE ~ 


MEMORY 
" READ cycle" 


*User generated signal 

NO. 7 DMA IN CYCLE TIMING WAVEFORMS 


() 7012345670123456 70123 


lock LJlJnJlJTJlJTJTJTJ“LrmJTJTJlJlJlJlJnjTJTJl_^^ 


VALID DATA FROM MEMORY ^ 


_ MEMORY 
READ CYCLE 


MEMORY 

- READ WRITE OR — 

NON MEMORY CYCLE 


_MEMORY _ 

READ CYCLE 


*User generated signal 

NO. 8 DMA OUT CYCLE TIMING WAVEFORMS 


“DON’T CARE’’ OR INTERNAL DELAYS HIGH IMPEDANCE STATE 


FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 
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CDP1802A, CDP1802AC, CDP1802BC 


01 23456701 23456701234 56701 2346670 

clock 

j I_I I_rn_I I_ 


cycle —i-_ 

INSTRUCTION ~T~ 


CYCLE (n ♦ 1) 


CYCLE in ♦ 2) 


CYCLE (n ♦ 3) “T* 


interrupt (S3) 


X 


MRD 

MWR 


INTERRUPT 
(INTERNAL) IE 


- \ _ 




*— VALID OUTPUT 




VALID OUTPUT 


MEMORY 
" READ CYCLE 


_ MEMORY READ. WRITE -,4,-MEMORY CYCLE - 


MEMORY 
■ READ CYCLE ' 


, OR NON MEMORY CYCLE I 

*User generated signal 

NO. 9 INTERRUPT CYCLE TIMING WAVEFORMS 

“DON’T CARE” OR INTERNAL DELAYS B||| HIGH IMPEDANCE STATE 

FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 


Operating and Handling Considerations 

1. Handling 

All inputs and outputs of Harris CMOS devices have a 
network for electrostatic protection during handling. 

2. Operating 

Operating Voitage 

During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause 
Vdd"Vss to exceed the absolute maximum rating. 


Input Signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than Vqd nor less than Vss- 
Input currents must not exceed 10mA even when the power 
supply is off. 

Unused Inputs 

A connection must be provided at every input terminal. All 
unused Input terminals must be connected to either Vqd or 
Vss. whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Vqq or Vss damage CMOS 
devices by exceeding the maximum device dissipation. 








SEMICONDUCTOR 
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Features 


CDP1802A/3 

CDP1802AC/3 

High-Reliability CMOS 8-Bit Microprocessor 


• For Use In Aerospace, Military, and Critical 
Industrial Equipment 

• Minimum Instruction Fetch-Execute time of 
2.2|xs (Maximum Ciock Frequency of 7.4MHz) at 
Vdd = 10V,Ta = +25®C 

• Operation Over the Fuil Miiitary 

Temperature Range.-55®C to +125®C 

• Any Combination of Standard RAM and ROM Up 
To 65,536 Bytes 

• 8-Bit Paraliei Organization With Bidirectionai 
Data Bus and Multiplexed Address Bus 

• 16 X 16 Matrix of Registers for Use as Muitipie 
Program Counters, Data Pointers, or Data 
Registers 

• On-Chip DMA, Interrupt, and Flag Inputs 

• High Noise Immunity.30% of Vdq 


Description 

The CDP 1802A/3 high-reliability LSI CMOS 8-bit register- 
oriented central-processing unit (CPU) is designed for use as a 
general-purpose computing or control element in a wide range of 
stored-program systems or products. 

The CDP1802A/3 includes all of the circuits required for fetching, 
interpreting, and executing instructions which have been stored in 
standard types of memories. Extensive input/output (I/O) control 
features are also provided to facilitate system design. 

The 1800 series architecture is designed with emphasis on the 
total microcomputer system as an integral entity so that systems 
having maximum flexibility and minimum cost can be realiz^. The 
1800 series CPU also provides a synchronous interface to 
memories and external controllers for I/O devices, and minimizes 
the cost of interface controllers. Further, the I/O interface is 
capable of supporting devices operating in polled, interrupt-driven, 
or direct memory-access modes. 

The CDP1802A/3 and CDP1802AC/3 are functionally identical. 
They differ In that the CDP1802A/3 has a recommended operating 
voltage range of 4V to 10.5 volts, and the CDP1802AC/3 a 
recommended operating voltage range of 4 to 6.5 volts. 

The CDP1802A/3 is functionally identical to its predecessor, the 
CDP1802. The “A” version includes some performance 
enhancements and can be used as a direct replacement in 
systems using the CDP1802. 

These types are supplied in 40 lead dual-in-line sidebrazed 
ceramic packages (D suffix), that conforms to Mil-M-38510 case 
outline D-5. 



Pinout 


40 LEAD SIDEBRAZED CERAMIC DIP (PACKAGE TYPE D) 
TOP VIEW 



CAUTION. These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1991 


File Number 1441.1 


CMOS MICRO¬ 
PROCESSORS 









Specifications CDP1802A/3, CDP1802AC/3 


Absolute Maximum Ratings 




DC Supply Voltage Range, {Vqq): 


Device Dissipation Per Output Transistor 


(All Voltages Referenced to Vss Terminal) 


Ta = Full Package Temperature Range... 

.lOOmW 

CDP1802A/3. 

.-0.5V to+11V 

Operating Temperature Range (Ta): 


CDP1802AC/3. 

.-0.5V to +7V 

Package Type D. 

.... -55°C to +125°C 

Input Voltage Range, All Inputs. 

. .-0.5VtoVDD +0.5V 

Storage Temperature Range (Tg^g). 

.... -€5°C to +150°C 

DC Input Current, any One Input. 

.+10mA 

Lead Temperature (During Soldering): 


Power Dissipation Per Package (Pq) 


At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

Ta = -55°C to +100°C (Package Type D).. 

. 500mW 

from case for 10s max. 

. +265°C 

Ta = +100°C to +125°C (Package Type D). 

... Derate Linearly at 




12mW/°C to 200mW 



Recommended Operating Conditions t^ = Fuli-Package Temperature Range. For maximum 
conditions should be selected so that operation is always within the following ranges. 

reliability, operating 


CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 


Maximum Clock Input Rise or Fall Time 



Performance Characteristics 


CHARACTERISTIC 


Minimum Instruction Time (Note 1) 

5 


10 

Maximum DMA Transfer Rate 

5 


10 

Maximum Clock Input Frequency, 

5 

Load Capacitance (Cl) = 50pF fcL 

10 



450 

925 

340 

700 

450 

340 

Kbytes/s 

DC-3.6 

DC-7.4 

DC-2.7 

DC-5.6 

DC-3.6 

DC-2.7 

MHz 


NOTES: 

1. Equals 2 machine cycles - one Fetch and one Execute operation 
for all instructions except Long Branch and Long Skip, which re¬ 
quire 3 machine cycles - one Fetch and two Execute operations. 



FIGURE 1. TYPICAL CDP1802A/3 SMALL MICROPROCESSOR SYSTEM 
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Specifications CDP1802A/3, CDP1802AC/3 
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OUTPUT LOW (SINK) CURRENT (Iql) 


CDP1802A/3, CDP1802AC/3 


































































































Specifications CDP1802A/3, CDP1802AC/3 


Timing Specifications as a function of t (t = i/fcLocK). = sopF 


CHARACTERISTIC 

SYMBOL 

^DD 

(V) 

LIMITS* 

UNITS 

-55®C, +25®C 

+125®C 

High-Order Memory-Address Byte 


5 

2T-450 

2T-580 

ns 

Set Up to TP A Time 

■ 

10 

2T-210 

2T-275 

ns 

High-Order Memory-Address Byte 

tH 

5 

T/2+0 

T/2+0 

ns 

Hold After TP A Time 


10 

T/2/+0 

T/2+0 

ns 

Low-Order Memory-Address Byte 

tH 

5 

T-30 

T-40 

ns 

Hold After WR Time 


10 

T-10 

T-20 

ns 

CPU Data to Bus Hold 

tH 

5 

T-170 

T-250 

ns 

After WR Time 


10 

T-80 

T-110 

ns 

Required Memory Access Time 

tACC 

5 

5T-300 

5T-^00 

ns 

Address to Data 


10 

5T-150 

5T-200 

ns 


*These limits are not directly tested. 


Implicit Characteristics** = -55°c to +25°c 


CHARACTERISTICS 

SYMBOL 

Vdd (V) 

TYPICAL 

VALUES 

UNITS 

Typical Total Power Dissipation 

f = 2MHz 


5 

4 

mW 

Idle W at M(OOO), Cl = 50pF 

f = 4MHz 


10 

30 

mW 

Effective Input Capacitance Any Input 


C|N 

- 

5 

PF 

Effective 3-State Terminal Capacitance DATA BUS 



- 

7.5 

PF 

Minimum Data Retention Voltage 


VDR 

- 

c\i 

V 

Data Retention Current 


IDR 

2.4 

10 

pA 


**These characteristics are not tested. Typical values are provided for guidance only. 
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CDP1802M. CDP1802AC/3 


p— \j —— I —— c —"-p- o —^p — o —— o —- r —-u —^ 


I ♦PLH / I tp 


-r I — 

™ 1_ ! i II I I _ 

^ j * I ^SU 1 

MEMORY [1*P'l'h»^PHlVhIGH ORDER ^Pj,H.^PhO/ | LOW ORDER 


Vaddress byte 


' ADDRESS BYTE 


iPLH / L*PHLL 


♦rlh •^phl4 


(MEMORY 
READ CYCLE) 


R 


(MEMORY 
WRITE CYCLE) 

DATA FROM 
CPU TO BUS “S 


CODES tpHL^y 


NO,NI,N2 t pLH 
(I/O ^ 

EXECUTION 
CYCLE) - 


DATA FROM 
BUS TO CPU 


DMA 

REQUEST 


INTERRUPT 

REQUEST 




DATA - 

Ilatchedincpu 


DMA I SAMPLED (SI.S2,S3) 


INTERRUPT VML-JJtL 
SAMPLED (SI.S2) | 


I FLAG LINES ' 
SAMPLED (IN SI) 



ANY NEGATIVE 
TRANSITION 



1. This timing diagram is used to show signal relationships only and 3. Shaded areas indicate “don’t care" or undefined state. Multiple 

does not represent any specific machine cycle. transitions may occur during this period. 

2. All measurements are referenced to 50% point of the waveforms. 


FIGURE 9. TIMING WAVEFORMS 
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Specifications CDP1802A/3, CDP1802AC/3 


Dynamic Electrical Characteristics = SOpF, Timing Measurement at 0.5 Vqd Point 








LIMITS 1 


■1 





-55°C TO +25®C 1 

+125®C 1 


11 


CHARACTERISTIC 

SYMBOL 

Vdo(V) 

MIN 

MAX 

MIN 

MAX 

UNITS 

II 


Propagation Delay Times 

tpLH.tpHL 

5 

- 

275 

- 

370 

ns 

11 


Clock to TPA, TPB 


10 

- 

125 

- 

170 


■1 


Clock-to-Memory High Address 

V»LH. tpHL 

5 

- 

725 

- 

950 

ns 

11 


Byte 


10 

- 

340 

- 

450 


II 


Clock-to-Memory Low-Address 

tpLH.tpHL 

5 

- 

340 

- 

425 

ns 

11 


Byte Valid 


10 

- 

150 

- 

200 


11 


Clock to MRD 

tpLH.tpHL 

5 

- 

340 

- 

425 

ns 

11 




10 

- 

150 

- 

200 


11 


Clock to M^ 

tpLH. tpHL 

5 

- 

275 

- 

370 

ns 

■I 




10 

- 

125 

- 

170 


11 


Clock to (CPU DATA to BUS) 

tpLH.tpHL 

5 

- 

430 

- 

550 

ns 

■I 


Valid 


10 

- 

200 

- 

260 


11 


Clock to State Code 

tpLH.tpHL 

5 

- 

440 

- 

550 

ns 





10 

- 

200 

- 

260 




Clock to Q 

tpLH.tpHL 

5 

- 

375 

- 

475 

ns 





10 

- 

175 

- 

230 




Clock to N (0-2) 

tpLH.tpHL 

5 

- 

400 

- 

525 

ns 





10 

- 

200 

- 

260 




Interface Timing Requirements: 

tsu 

5 

10 

- 

10 

- 

ns 



Data Bus Input Setup 


10 

20 

- 

20 

- 




Data Bus Input Hold (Note 1) 

tH 

5 

175 

- 

230 

- 

ns 





10 

80 

- 

110 

- 




DMA Setup 

tsu 

5 

10 

- 

10 

- 

ns 





10 

20 

- 

20 

- 




D^ Hold (Note 1) 

tH 

5 

200 

- 

270 

- 

ns 





10 

100 

- 

135 

- 




Interrupt Setup 

tsu 

5 

10 

- 

10 

- 

ns 





10 

20 

- 

20 

- 




Interrupt Hold (Note 1) 

tH 

5 

175 

- 

230 

- 

ns 





10 

80 

- 

110 

- 




Setup 

tsu 

5 

30 

- 

30 

_ 

ns 





10 

20 

- 

20 

- 




EFi^ Setup 

tsu 

5 

20 

- 

20 

- 

ns 





10 

50 

- 

50 

- 




EF1-4Hold (Note 1) 

tH 

5 

100 

- 

135 

- 

ns 





10 

50 

- 

65 

- 




Required Pulse Width Times (Note 1): 

twL 

5 

150 

- 

200 

- 

ns 



CLEAR Pulse Width (Note 1) 


10 

75 

- 

100 

- 




CLOCK Pulse Width 

twL 

5 

140 

- 

185 

- 

ns 





10 

68 

- 

90 

- 



5V level characteristics apply to part CDP1802AC/3 

5V level and 10V level characteristics apply to part CDP1802A/3 






NOTE: 

1. Minimum input Setup and Hold Times required by part CDP1802A/3 
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TYPE 

Vdd 

TEMPERATURE 

TIME 

CDP1802A 

11V 

+125°C 

160 Hours 

CDP1802AC 

7V 

+125°C 

160 Hours 


FIGURE 10. BIAS/STATIC BURN-IN CIRCUIT 
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Features 

• Instruction Time of 3.2)is, -40^C to 
+85®C 

• 123 Instructions - Upwards Software 
Compatible With CDP1802 

• BCD Arithmetic instructions 

• Low-Power IDLE Mode 

• Pin Compatible With CDP1802 
Except for Terminal 16 

• 64K-Byte Memory Address Capabil¬ 
ity 

• 64 Bytes of On-Chip RAM* 

• 16x16 Matrix of On-Board Registers 

• On-Chip Crystai or RC Controlied 
Osciliator 

• 8-Bit Counter/Timer 

*CDP1805AC Only 


CDP1805AC 

CDP1806AC 

CMOS 8-Bit Microprocessor 
With On-Chip RAM* and Counter/Timer 


Description 

The CDP1805AC and CDP1806AC are functional and performance enhance¬ 
ments of the CDP1802 CMOS 8-Bit register-oriented microprocessor series 
and are designed for use in general-purpose applications. 

The CDP1805AC hardware enhancements include a 64-byte RAM and an 8-bit 
presettable down counter. The Counter^Timer which generates an internal 
interrupt request, can be programmed for use in time-base, event-counting, 
and pulse-duration measurement applications. The Counter/Timer underflow 
output can also be directed to the Q output terminal. The CDP1806AC hard¬ 
ware enhancements are identical to the CDP1805AC, except the CDP1806AC 
contains no on-chip RAM. 

The CDP1805AC and CDP1806AC are identical to the CDP1804AC, except for 
the on-chip memory, and may be used for CDP1804AC development 
purposes. 

The CDP1805AC and CDP1806AC software enhancements include 32 more 
instructions than the CDP1802. The 32 new software instructions add subrou¬ 
tine call and return capability, enhanced data transfer manipulation. Counter/ 
Timer control. Improved interrupt handling, single-instruction loop counting, 
and BCD arithmetic. 

Upwards software and hardware compatibility is maintained when substituting 
a CDP1805AC or CDP1806AC for other CDP1800-serles microprocessors. 
Pinout is Identical except for the replacement of Vqc with ME on the 
CDP1805AC and the replacement of Vcc with Vqq on the CDP1806AC. 

The CDP1805AC and CDP1806AC have an operating voltage range of 4V to 
6.5V and are supplied in a 40 lead hermetic dual-in-line ceramic package 
(D suffix), 40 lead dual-in-line plastic package (E suffix) and 44 lead plastic 
leaded chip carrier (PLCC) package (Q suffix). 



Ordering Information 


PACKAGE 

TEMPERATURE RANGE 

CDP1805AC 

CDP1806AC 

Plastic DIP 

-40°C to +85°C 

CDP1805ACE 

CDP1806ACE 

Burn-In 


CDP1805ACEX 

CDP1806ACEX 

PLCC 

-40°C to +85°C 

CDP1805ACQ 

CDP1806ACQ 

Ceramic DIP 

-40°C to +85°C 

CDP1805ACD 

CDP1806ACD 

Burn-In 


CDP1805ACDX 

CDP1806ACDX 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1991 « 
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Pinouts 


40 LEAD DiP 

(PACKAGE TYPES D AND E) 

TOP VIEW 


44 LEAD PLASTIC CHIP CARRIER (PLCC) 
(PACKAGE TYPE Q) 

TOP VIEW 



40j Voo 
^ DMA IN 


IOC ^ T ? i 

5 p I 2 o §1^ I I H 

moIo^oz>IxIoqS 





Schematic 


*MEForCDP1805AC 
Vnnfor CDP1806AC 



FIGURE 1. TYPICAL CDP1805AC,CDP1806AC SMALL MICROPROCESSOR SYSTEM 
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Absolute Maximum Ratings 

DC Supply Voltage Range, (Vdd): 

(All Voltages Referenced to Vss Terminal).-0.5V to +7V 

Input Voltage Range, All Inputs.-0.5V to Vdd +0.5V 

DC Input Current, any One Input.±10mA 

Power Dissipation Per Package (Pq) 

= -40°C to +60°C (Package Type E). 500mW 

Ta = +60°C to -l■85°C (Package Type E).Derate Linearly 

At 12mW/°C to 200mW 

Ta = -55°C to +100°C (Package Type D). 500mW 

Ta = +100°C to +125°C (Package Type D)_Derate Linearly at 

12mW/°C to 200mW 

Ta = -40'’C to +85°C (Package Type Q)*. 500mW 


Device Dissipation Par Output Transistor 

Ta = Full Package Temperature Range.100mW 

Operating Temperature Range (Ta): 

Package Type D.-55°C to +125°C 

Package Type E and Q.-40°C to +85°C 

Storage Temperature Range (T,^).-65°C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) from case for 10s 

max.+265°C 

•Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm 
thick G10 epoxy glass, or equivalent. 


Recommended Operating Conditions T^^ = Full-Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges. 


CDP1805ACD, CDP1805ACE 
CDP1806ACD, CDP1806ACE 




Minimum Instruction Time* (fcL = 5MHz) 


Maximum DMA Transfer Rate 


Maximum Clock Input Frequency, 
Load Capacitance (Cl) = 50pF 


Maximum External Cou n ter/T imer Clock 
Input Frequency to EF1, EF2 


* Equals 2 machine cycles - one Fetch and one Execute operation for all Instructions except Long Branch, Long Skip, NOP, and “68" family 
instructions, which are more than two cycles. 
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Specifications CDP1805AC, CDP1806AC 


Static Electrical Characteristics at t* = -40°c to +85°c, Vdd ±5%. Except as Noted 
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BUSO 
BUS I 
BUS 2 
BUS 3 
BUS 4 
BUSS 
BUS 6 
BUS 7 


I/O REQUESTS 



92CM-34988 


Fig. 2 - Block diagram for CDP1805AC and CDP1806AC. 


TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES 


t: 


INTERNAL RAM READ CYCLE H - INTERNAL RAM WRITE CYCLE 


: — 4—11 

70 00 I 


.1 


00 lO 20 30 40 50 60 70 loo lO 20 30 40 50 60 70 

clock njij-ijijijijijnjTjajiJi^^ 


0I II 2I 3I 4I 5I 6I 


TPA _ 
TPB 


ADDRESS I high BYTE | LOW BYTE 


ME ' 
IN 


T 


7I 0l II 2I 3I 4l 5I 6I 7I 


i BYTE I LOW BYTE “J" 


r 


VALID DATA FROM MEMORY ■ 


V//////y///////A "' V//A 


VALID DATA FROM CPU 


:e 


92CM-34989 


•NOTE 

HAS A MINIMUM SETUP AND HOLD TIME WITH RESPECT TO THE 
BEGINNING OF CLOCK 70. FOR A MEMORY READ OPERATION, RAM DATA 
WILL APPEAR ON THE DATA BUS DURING THE TIME PI IS ACTIVE AFTER 
CLOCK 31. THE TIME SHOWN CAN BE LONGER, IF FOR INSTANCE, A DMA 
OUT OPERATION IS PERFORMED ON INTERNAL RAM DATA, TO ALLOW DATA 
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL 
RAM IS AUTOMATICALLY DESELECTED AT THE END OF CLOCK 71, 
INDEPENDENT OF Pe 


* FOR CDPI805AC ONLY 


Fig. 3 - Internal memory operation timing waveforms for CDP1805AC and CDP1806AC. 
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I"' 

loo 


EXTERNAL MEMORY READ CYCLE —j—EXTERNAL MEMORY WRITE CYCLE 
loo lO 20 30 40 50 60 70 'oo lO 20 30 40 50 60 70 


1 


clock xnjnjiJijijTJiJTjnjTJTJiJ'ij^^ 

01 It 21 31 41 51 611 71 01 II 21 31 41 51 61 71 


TPA , 
TPB 


MEMORY 

ADDRESS 


HIGH BYTE I LOW BYTE 


* ME IN 
(HIGH) ■ 


HIGH BYTE LOW BYTE 


DATA BUS 


DATA LATCHED IN CPU 


VALID DATA FROM CPU 




FOR CDPI805AC ONLY 

92CS-34990 

Fig. 4 - External memory operation timing waveforms for CDP1805AC and CDP1806AC. 


ENHANCED CDP1805AC and CDP1806AC OPERATION 
TIMING 

Timing for the CDP1805AC and CDP1806AC Is the same as 
the CDP1802 microprocessor series, with the following 
exceptions: 

• 4.5 clock cycles are provided for memory access 
instead of 5. 

• Q changes 1/2 clock cycle earlier during the SEQ and 
REQ instructions. 

• Flag lines (EFi-'EF4) are sampled at the end of the SO 
cycle instead of at the beginning of the SI cycle. 

• Pause can only occur on the low-to-hgh transition of 
either TPA or TPB, Instead of any negative clock transition. 


SPECIAL FEATURES 

Schmitt triggers are provided on all inputs, except and 


SIGNAL DESCRIPTIONS 
BUS 0 to BUS 7 (Data Bus): 

8 -blt bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 

NO to N2 (I/O) Lines: 

Activated by an I/O instruction to signal the I/O control 
logic of a data transfer between memory and I/O interface. 
These lines can be used to issue command codes or device 


BUS 0-BUS 7, for maximum immunity from noise and slow 
signal transitions. A Schmitt trigger in the oscillator section 
allows operation with an RC or crystal. 

The CDP1802-series LOAD mode is not retained. This 
mode (WAIT, CLEAR=0) is not allowed on the CDP1805AC 
and CDP1806AC. 

A low power mode is provided, which is initiated via the 
IDLE instruction. In this mode all external signals, except 
the oscillator, are stopped on the low-to-high tr ansit ion of 
TPB. All outputs remain in their previous states, MRD Is set 
to a logic “1”, and the data bus floats. The IDLE mode is 
exited by a DMA or INT condition. The INT includes both 
external interrupts and interrupts generated by the 
Counter/Timer. The only restrictions are that the Timer 
mode, which uses the TPA 32 clock source, and the 
underflow condition of the Pulse Width Measurement 
modes are not available to exit the IDLE mode. 


selection codes to the I/O devices. The N bits are low at all 
times except when an I/O Instruction is being executed. 
During this time their state is the same as the corresponding 
bits in the N register. The direction of data flow is defined in 
the I/O instruct ion b y bit N3 (internally) and is indicated by 
the level of the MRD signal: 

MRD = Vdd' Input data from I/O to CPU and Memory 
MRD = Vss: Output data from Memory to I/O 
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EF1 to EF4 (4 Flags): 

These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt prioritie s. T he fla g(s) are sampled at the end of 
every SO cycle. EF1 and EF2 are also used for event 
counting and pulse-width measurement in conjunction 
with the Counter/Timer. 

INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 

DMA-IN and DM A-OUT are s ampled during TPB every S1. 
S2, and S3 cycle. INTERRUPT is sampled during TPB every 
SI and S2 cycle. 

Interrupt Action: X and P are stored in T after executing 
current instruction: designator X is set to 2; designator P is 
set to 1; interrupt enable (MIE) is reset to 0 (inhibit): and 
instruction execution is resumed. The interrupt action 
requires one machine cycle (S3). 

DMA Action: Finish executing current instruction: R(0) 
points to memory area for data transfer: data is loaded into 
or read out of memory: and R(0) is incremented. 

Note: In the event of concurrent DMA and INTERRUPT 
requests, DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. (The interrupt request is not Internally 
latched and must be held true after DMA.) 

SCO, SC1, (2 State Code Lines): 

These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing 
a DMA request, or 4) acknowledging an interrupt request. 
The levels of state code are tabulated below. All states are 
valid at TPA. 


State Type 

State Code Lines 

SC1 

SCO 

SO (Fetch) 

L 

L 

SI (Execute) 

L 

H 

S2 (DMA) 

H 

L 

S3 (Interrupt) 

H 

H 


H = Vdd, L = Vss. 


TPA, TPB (2 Timing Pulses): 

Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
high-order byte of the multiplexed 16-bit memory address. 

MAO to MA7 (8 Memory Address Lines): 

In each cycle, the higher-order byte of a 16-bit memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The 
low-order byte of the 16-bit address appears on the address 
lines 1/2 clock after the termination of TPA. 


MRD (Read Level): 

A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory and to indicate the direction of data transfer during 
an I/O Instruction. 

Q: 

Single bit output from the CPU which can be set or reset, 
under program control. During SEQ and REQ instruction 
execution, Q Is set or reset between the trailing edge of TPA 
and the leading edge of TPB. The Q line can also be 
controlled by the Counter/Timer underflow via the Enable 
Toggle Q instruction. 

The Enable Toggle Q command connects the Q-line flip- 
flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the Q line 
changes state. This command Is cleared by a LOAD 
COUNTER (LDC) instruction with the Counter/Timer 
stopped, a CPU reset, or a BRANCH COUNTER INTERRUPT 
(BCI) instruction with the counter interrupt flip-flop set. 

CLOCK: 

Input for externally generated single-phase clock. The 
maximum clock frequency is 5 MHz at Vdd = 5 V. The clock Is 
counted down internally to 8 clock pulses per machine 
cycle. 

KTAL: 

Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. 

WAIT, CLEAR (2 Control Lines): 

Provide four control modes as listed in the following truth 
table. 


CLEAR 

WAIT 

MODE 

L 

L 

NOT ALLOWED 

L 

H 

RESET 

H 

L 

PAUSE 

H 

H 

RUN 


ME (Memory Enable CDP1805AC Only): 

This active low input is used to select or deselect the 
Internal RAM. It must be active prior to clock 70 for an 
internal RAM access to take place. Internal RAM data will 
appear on the data bus during the time that MFI is active 
(after clock 31). Thus, If this data is to be latched Into an 
external device (i.e., during an OUTPUT instruction or DMA 
OUT cycle), ME should be wide enough to provide enough 
time for valid data to be latched. The inte rnal RAM is 
auto matic all y dese lected after clock 71.“KTE is ineffective 
when MRD* MWR =1. 

The internal RAM is not internally mask-decoded. Decoding 
of the starting address Is performed externally, and may 
reside In any 64-byte block of memory. 

Vdd (CDP1806AC Only): 

This input replaces the Wsignal of the CDP1805AC and 
must be connected to the positive power supply. 

Vdd» Vss> (Power Levels): 



MWR (Write Pulse): 

A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 


Vss Is the most negative supply voltage terminal and is 
normally connected to ground. Vdd is the positive supply 
voltage terminal. All outputs swing from Vss to Vdd. The 
recommended input voltage swing is from Vss to Vdd. 
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ARCHITECTURE 


Fig. 2 shows a block diagram of the CDP1805AC and 
CDP1806AC. The principal feature of this system is a 
register array (R) consisting of sixteen 16-blt scratchpad 
registers. Individual registers In the array (R) are designated 
(selected) by a 4-bit binary code from one of the 4-bit 
registers labeled N, P, and X. The contents of any register 
can be directed to any one of the following paths: 

1. the external memory (multiplexed, higher-order byte 
first on to 8 memory address lines) 

2. the D register (either of the two bytes can be gated to D) 

3. the increment/decrement circuit where It is increased 
or decreased by one and stored back in the selected 
16-blt register. 

4. to any other 16-bit scratch pad register in the array. 

The four paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 

Most instructions consist of two 8-clock-pulse machine 
cycles. The first cycle is the fetch cycle, and the second 
—and more if necessary — are execute cycles. During the 
fetch cycle the four bits In the P designator select one of the 
16 registers R(P) as the current program counter. The 
selected register R(P) contains the address of the memory 
location from which the instruction is to be fetched. When 
the instruction is read out from the memory, the higher- 
order 4 bits of the instruction byte are loaded into the I 
register and the lower-order 4 bits into the N register. The 
content of the program counter is automatically Incremented 
by one so that R(P) is now “pointing" to the next byte In the 
memory. 

The X designator selects one of the 16 registers R(X) to 
“point” to the memory for an operand (or data) in certain 
ALU or I/O operations. 

The N designator can perform the following five functions 
depending on the type of instruction fetched: 

1. designate one of the 16 registers In R to be acted 
upon during register operations 

2. indicate to the I/O devices a command code or 
device-selection code for peripherals 

3. indicate the specific operation to be executed during 
the ALU Instructions, types of tests to be performed 
during the Branch Instructions, or the specific opera¬ 
tion required In a class of miscellaneous Instructions 

4. indicate the value to be loaded into P to designate a 
new register to be used as the program counter R(P) 

5. indicate the value to be loaded into X to designate a 
new register to be used as data pointer R(X). 

The registers in R can be assigned by a programmer in three 
different ways as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 

Program Counters 

Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single Instruction the contents of the P register can be 
changed to effect a “call” to subroutine . When interrupts 
are being serviced, register R(1) is used as the program 


counter for the user’s interrupt servicing routine. After 
reset, and during a DMA operation, R(0) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 

Data Pointers 

The registers in R may be used as data pointers to indicate a 
location In memory. The register designated byX(i.e., R(X)) 
points to memory for the following instructions (see Table 
I): 

1. ALU operations 

2. output instructions 

3. input instructions 

4. register to memory transfer 

5. memory to register transfer 

6. interrupt and subroutine handling. 

The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory” instructions ON and 4N and 
the “Store D” instruction 5N. The register designated by P 
(i.e., the program counter) is used as the data pointer for 
ALU instructions F8-FD, FF, 7C, 7D, 7F, and the RLDI 
instruction 68CN. During these instruction executions, the 
operation is referred to as “data immediate”. 

Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-ln or DMA-Out request is received, one machine 
cycle is “stolen”. This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(0) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written into 
(DMA-ln) the memory location pointed to by the R(0) 
register. At the end of the transfer, R(0) is incremented by 
one so that the processor is ready to act upon the next DMA 
byte transfer request. This feature in the CDP1805AC and 
CDP1806AC architecture saves a substantial amount of 
logic when fast exchanges of blocks of data are required, 
such as with magnetic discs or during CRT-display-refresh 
cycles. 

Data Registers 

When registers in R are used to store bytes of data, 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
(together with loading by data immediate) program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratchpad registers in R to be used to 
hold general data. By employing increment or decrement 
instructions, such registers may be used as loop counters. 
The new RLDI, RLXA, RSXD, and RNX instructions also 
allow loading, storing, and exchanging the full 16-blt 
contents of the R registers without affecting the D register. 
The new DBNZ instruction allows decrementing and 
branching-on-not-zero of any 16-bit R register also without 
affecting the D register. 

The Q Flip-Flop 

An internal flip-flop, Q, can be set or reset by instruction 
and can be sensed by conditional branch instructions. It 
can also be driven by the underflow output of the 
counter/timer. The output of Q is also available as a 
microprocessor output. 
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Register Summary 


D 

8 Bits 

Data Register (Accumulator) 

DF 

1 Bit 

Data Flag (ALU Carry) 

B 

8 Bits 

Auxiliary Holding Register 

R 

16 Bits 

1 of 16 Scratchpad Registers 

P 

4 Bits 

Designates which Register is 
Program Counter 

X 

4 Bits 

Designates which Register is 

Data Pointer 

N 

4 Bits 

Holds Low-Order Instr. Digit 

I 

4 Bits 

Holds High-Order Instr. Digit 

T 

8 Bits 

Holds old X, P after Interrupt 
(X is high nibble) 

Q 

1 Bit 

Output Flip-Flop 

CNTR 

8 -Bits 

Counter/Timer 

CH 

8 Bits 

Holds Counter Jam Value 

MIE 

1 Bit 

Master Interrupt Enable 

CIE 

1 Bit 

Counter Interrupt Enable 

XIE 

1 Bit 

External Interrupt Enable 

CIL 

1 Bit 

Counter Interrupt Latch 


Interrupt Servicing 

Register R(1) is always used as the program counter 
whenever interrupt servicing is initialized. When an interrupt 
request occurs and the Interrupt is allowed by the program 
(again, nothing takes place until the completion of the 
current instruction), the contents of the X and P registers 
are stored in the temporary register T, and X and P are set to 
new values, hex digit 2 In X and hex digit 1 in P. Master 
Interrupt Enable is automatically deactivated to inhibit 
further interrupts. The user’s interrupt routine is now in 
control: the contents of T may be saved by means of a single 
SAV instruction (78) in the memory location pointed to by 
R(X) or the contents of T, D, and DF may be saved using a 
single DSAV instruction (6876). At the conclusion of the 
interrupt, the user’s routine may restore the pre-interrupted 
value of X and P with either a RET instruction (70) which 
permits further interrupts, or a DIS instruction (71), which 
disables further interrupts. 


Interrupt Generation and Arbitration 
(See Fig. 5) 

Interrupt requests can be generated from the following 
sources: 

1. Externally through the interrupt Input (Request not 
latched) 

2. Internally due to Counter/Timer response (Request is 
latched) 

a. On the transition from count (01 )i6 to Its next value 

(counter underflow) _ 

b. On the / transition of EF1 in pulse measure¬ 
ment mode 1 _ 

c. On the / transition of EF2 In pulse measure¬ 
ment mode 2 


For an interrupt to be serviced by the CPU, the appropriate 
Interrupt Enable flip-flops must be set. Thus, the External 
Interrupt Enable flip-flop must be set to service an external 
interrupt request, and the Counter Interrupt Enable flip-flop 
must be set to service an internal Counter/Timer interrupt 
request. In addition, the Master Interrupt Enable flip-flop 
(as used in the CDP1802) must be set to service either type 
of request. All 3 flip-flops are initially enabled with the 
application of a hardware reset, and, can be selectively 
enabled or disabled with software: CIE, CID instructionsfor 
the CIE flip-flop; XIE, XID instructions for the XIEflip-flop; 
RET, DIS instructions for the MIE flip-flop. 


Short branch instructions on Counter Interrupt (BCI) and 
External Interrupt (BXI) can be placed in the user’s interrupt 
service routine to provide a means of identifying and 
prioritizing the interrupt source. Note, however, that since 
the External Interrupt request is not latched, it must remain 
active until the short branch is executed if this priority 
arbitration scheme is used. 


Interrupt requests can also be polled if automatic interrupt 
service is not desired (MIE=0). With the Counter Interrupt 
and External Interrupt short branch Instructions, the branch 
will betaken if an interrupt request is pending, regardless of 
the state of any of the 3 Interrupt Enable flip-flops. The 
latched counter interrupt request signal wili be reset when 
the branch is taken, when the CPU Is reset, or with a LDC 
instruction with the Counter stopped. Note, that exiting a 
counter-initiated interrupt routine without resetting the 
counter-interrupt latch will result in immediately re-entering 
the interrupt routine. 



92CM-33888 R2 


Fig. 5 - Interrupt logic-control diagram for CDP1d05AC and CDP1806AC. 
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Counter/Timer and Controls (see Fig. 6) 

This logic consists of a presettable 8-bit down-counter 
(Modulo N type), and a conditional divlde-by-32 prescaler. 
After counting down to (01)i6 the counter returns to Its 
Initial val ue at the next count and sets the Counter I nterrupt 
Latch. Itwillcontinuedecrementing on subsequent counts. 
If the counter is preset to (00)i6 a full 256 counts will occur. 

During a Load Counter Instruction (LDC) If the counter was 
stopped with a STPC Instruction, the counter and Its 
holding register (CH) are loaded with the value In the D 
register and any previous counter Interrupt is cleared. If the 
LDC is executed when the counter Is running, the contents 
of the D register are loaded into the holding register (CH) 
only and any previous counter interrupt is not cleared. 
(LDC RESETS the Counter Interrupt Latch only when the 
Counter is stopped). After counting down to (Ol jiethe next 
count will load the new Initial value into the counter, set the 
Counter Interrupt Latch, and operation will continue. 

The Counter/Timer has the following five programmable 
modes: 

1. Eve nt Counter 1: Input to counter is connected to the 
EF1 terminal. The high-to-low transition decrements 
the counter. 

2. Ey^e nt Counter 2; Input to counter is connected to the 
EF5 terminal. The hIgh-to-low transition decrements 
the counter. 

3. Timer: Input to counter is from the divide-by-32 pre¬ 
scaler clocked by TPA. The prescaler Is decremented 
on the low-to-high transition of TPA. The dlvide-by-32 
prescaler is reset when the counter is in a mode other 
than the Timer mode, system RESET, or stopped by a 
STPC. 

4. Pulse Duration Measurement 1: Input to counter 
connected to TPA. Each low-to-high transition of TPA 


decrements the counter if the Input signal at E F1 
terminal (gate Input) is low. On the transition of EF1 to 
the positive state, the count is stopped, the mode is 
cleared, and the Interrupt request latched. If the counter 
underflows while the input is low, interrupt will also be 
set, but counting will continue. 

5. Pulse Duration Measurement 2: Operatio n is id entical 
to Pulse Duration Measurement 1, except EF2 is used 
as the gate input. 

The modes can be changed without affecting the stored 
count. 

Those modes which use EF1 and EF2 terminals as inputs do 
not exclude testing these flags for branch instructions. 

The Stop Counter (STPC) instruction clears the counter 
mode and stops counting. The STPC instruction should be 
executed priorto a GEC instruction, if the counter is in the 
Event Counter Mode 1 or 2. 

In addition to the five programmable modes, the Decrement 
Counter instruction (DTC) enables the user to count in 
software. In order to avoid conflict with counting done in 
the other modes, the instruction should be used only after 
the mode has been cleared by a Stop Counter instruction. 

The Enable Toggle Q instruction (ETC) connects the Q-line 
flip-flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the Q output 
changes state. This action is independent of the counter 
mode and the Interrupt Enable flip-flops. The Enable 
Toggle Q condition is cleared by an LDC with the 
Counter/Timerstopped,systemReset, oraBCI withCI = 1. 

Note: SEQ and REQ instructions are independent of 
ETC—they can SET or RESET Q while the Counter is 
running. 



Fig. 6 - Timer/Counter diagram for CDP1805AC and CDP1806AC. 
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On-Board Clock (see Figs. 7, 8 and 9) 

Clock circuits may use either an external crystal or an RC 
network. 

A typical crystal oscillator circuit is shown in Fig. 7. The 
crys tal is c onnected between terminals 1 and 39 (CLOCK 
and XTAL)in parallel with a resistance, RF(1 megohm typ.). 
Frequency trimming capacitors, Cin and Cout, may be 
required at terminals 1 and 39. For additional information 
on crystal oscillators, see ICAN-6565. 


CONTROL MODES 


CLEAR 

WAIT 

MODE 

L 

L 

NOT ALLOWED 

L 

H 

RESET 

H 

L 

PAUSE 

H 

H 

RUN 


Because of the Schmitt Trigger input, an RC oscillator can 
be used as shown in Fig. 8. The frequency is approximately 
1/RC (see Fig. 9). 


RF 



C|N 

l5pF 


H|> 


SMHz PARALLEL ■ 
RESONANT 
CRYSTAL 


'-OUT 

■27pF 


92CS-38099 

Fig. 7 - Typical 5 MHz crystal oscillator. 


R 

■AAAr 



*Pm numbers refer to 40-Pin DIP 


Fig. 8 - RC network for oscillator. 



The function of the modes are defined as follows: 


RESET 


The levels on the CDP1805A and CDP1806A external signal 
lines will asynchronously be forced by RESET to the 
following states: 


Q=0 

MRD=1 

TPB=0 


SC1,SC0=0, 1 BUS 0-7=0 

(EXECUTE) MAO-7=R0.1 

NO, N 1, N2=0, 0.0 TPA=0 
MWR=1 


Internal changes caused by RESET are: 

I, N instruction register is cleared to 00. XIE and CIE are set 
to allow interrupts following initialize. CIL is cleared (any 
pending counter interrupt is cleared), counter is stopped, 
the counter mode is cleared, and ETQ Is disabled. 

Initialization Cycle 

The first machine cycle followiing termination of RESET is 
an initialization cycle which requlres9 clock pulses. During 
this cycle the CPU remains in S1 and the following additional 
changes occur: 

1 - MIE 

X, P — T (The old value of X, P will be put into T. This only 
has meaning following an orderly Reset with power 
applied). 

X, P, RO *- 0 (X, P, and RO are cleared). 

Interrupt and DMA servicing is suppressed during the 
initialization cycle. The next cycle is an SO or an S2 but 
never an S1 or S3. The use of a 71 Instruction followed by 00 
at memory locations 0000 and 0001, may be used to reset 
MIE so as to preclude interrupts until ready for them. 

Reset and Initialize do not affect: 

D (Accumulator) 

DF 

R1, R2, R3, R4, R5, R6, R7, R8, R9, FA, RB, RC, RD, RE, RF 
CH (Counter Holding Register) 

Counter (the counter is stopped but the value Is 
unaffected) 

Power-up Reset/Run Circuit 

Power-up Reset/Run can be realized with the circuit shown 
in Fig. 10. 



The RC time constant 
should be greater 
than the oscillator 
start-up time 
(typically 20 ms). 


92CS-3499I 



Fig. 9 - Nominal component values as a function 
of frequency for the RC oscillator. 


Fig. 10 - Reset/run diagram. 
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PAUSE 

Pause is a low power mode which stops the internal CPU 
timing generator and freezes the state of the processor. The 
CPU may be held In the Pause mode indefinitely. Hardware 
pause can occur at two points in a machine cycle, on the 
low-to-high transition of either TPA or TPB. A TPB pause 
can also be initiated by software with the execution of an 
IDLE instruction. In the pause mode, the oscillator continues 
to run but subsequent clock transitions are ignored. TPA 
and TPB remain at their previous state (see Fig. 11). 

Pause is entered from RUN by dropping WAIT low. 
Appropriate Setup and Hold times must be met. 

If Pause is entered while in the event counter mode, the 
appropriate Flag transition will continue to decrement the 
counter. 

Hardware-Initiated pause is exited to RUN by raising the 
Walt line high. Pause entered with an IDLE instruction 
requires DMA, INTERRUPT or RESET to resume execution. 


TPA PAUSE TIMING 


RUN 

May be Initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation at the 
point it left off. If paused at TPA, it will resume on the next 
high-to-low clock transition, while if paused at TPB, it will 
resume on the next low-to-high clock transition (see Fig. 
11 ). When initiated from the Reset operation, the first 
machine cycle following Reset is always the Initialization 
cycle. The initialization cycle Is then followed by a DMA 
(S2) cycle or fetch (SO) from location 0000 in memory. 

SCHMITT TRIGGER INPUTS 

All inputs except BUS 0—BUS 7 and ME contain a Schmitt 
Trigger circuit, which is especially useful on the CLEAR 
input as a power-up RESET (see Fig. 10) and the CLOCK 
input (see Figs. 7 and 8). 

STATE TRANSITIONS 

The CDP1805A and CDP1806A state transitions are shown 
in Fig. 12. Each machine cycle requires the same period of 
time, 8 clock pulses, except the initialization cycle (INIT) 
which requires 9 clock pulses. Reset is asynchronous and 
can be forced at any time. 


TPA PAUSE TIMING ENTER RESUME 

PAUSE RUN 



TPB PAUSE TIMING 


TPB PAUSE TIMING ENTER RESUME 
PAUSE RUN 




NOTE: 

PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE 
CLOCK CYCLE IN DURATION, COULD BE INFINITELY LONG. 


Fig. 11 - Pause mode timing waveforms. 



Fig. 12 - State transition diagram. 

INSTRUCTION SET 

1. Instruction Set - Refer to Harris Literature Department. 

2 . Conditions on data bus and memory address lines during 
ail machine states - refer to Harris Literature Department. 
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/H 
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MEMORY ^ 
JVDORESS ^ 

MRD 

( MEMORY 
READ CYCLE)- 

MWR ” 
(MEMORY 
WRITE CYCLE) 

^ ME 
(MEMORY 
ENABLE) 

AEMS _ 
(EXTERNAL 
MEMORY 
SELECT) 


DATA FROM 
CPU TO BUS 


DATA FROM 
INTERNAL 
MEMORY 
TO BUS 
(Wl= LOW) 


^ I —*SU—T 

(•pLH.'PHiVhigh ORDER ' 
yT/ > / /"aADDRESS BYTEp 


LOW ORDER 
ADDRESS BYTE 
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'ill 
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INTERNAL RAM 
ACCESS TIME 


’ SU 1 * H I I 


I I I 

4-H- 

I I I 
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NO,NI.N2 

(I/O 

EXECUTION 
CYCLE) “ 

DATA FROM 7 
BUS TO CPU ^ 

UtTa ~ 

REQUEST 


DATA LATCHEDi 
IN CPU "-J 



DMA S AMPLED(SI,S2,S3)'- 


INTERRUPT 
SAMPLED (SI,S2)-. 


INTERRUPT 

REQUEST 


FLAG LINES 
SAMPLED END OF SO 


^SU I 


NOTES: 

1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS ONLY 
AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 

2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE WAVE- 

3 SHADED AREAS INDICATE “DON’T CARE" OR UNDEFINED STATE. 

MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD. 

•FOR THE RUN (RAM ONLY) MODE ONLY. 

A FOR THE RUN (RAM/ROM) MODE ONLY. 


Fig. 13 - Timing waveforms for CDP1805AC and CDP1806AC. 
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Specifications CDP1805AC, CDP1806AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C; Cl = 50 pF; Input tr,tf = 10 ns; 
Input Pulse Levels = 0.1 V to Vdd-0.1 V; Vqd = 5 V, ±5%. 




LIMITS 


CHARACTERISTIC 


CDP1805AC, CDP1806AC 

UNITS 



Typ.® 

Max. 


Propagation Delay Times: 





Clock to TPA. TPB 

tpLH, tpHL 

150 

275 


Clock-to-Memory High-Address Byte 

tpLH, tpHL 

325 

550 


Clock-to-Memory Low-Address Byte 

tpLH, tpHL 

275 

450 


Clock to MRD 

tpLH, tpHL 

200 

325 


‘Clock toTM r 

tpLH, tpHL 

150 

275 

ns 

Clock to (CPU DATA to BUS) 

tpLH, tpHL 

375 

625 


Clock to State Code 

tpLH, tpHL 

225 

400 


Clock to Q 

tpLH, tpHL 

250 

425 


Clock to N 

tpLH, tpHL 

250 

425 


Clock to Internal RAM Data to BUS 

tpLH. tpHL 

420 

650 


Minimum Set Up and Hold Times:" 





Data Bus Input Set-Up 

tsu 

-100 

i 0 


Data Bus Input Hold 

tH 

125 

225 


dKm Set-Up 

tsu 

-75 

0 


D^MHold 

tH 

100 

175 


^ Set-Up 

tsu 

125 

320 


i^Hold 

tH 

0 

50 


Interrupt Set-Up 

tsu 

-100 

0 

ns 

Interrupt Hold 

tH 

100 

175 


WKif Set-Up 

tsu 

20 

50 


EFlTSet-Up 

tsu 

-125 

0 


EF1-4Hold 

tH 

175 

300 


Minimum Pulse Width Times:" 





CLEAR Pulse Width 

twL 

100 

175 

ns 

CLOCK Pulse Width 

tw 

75 

100 


•Typical values are forlA = 25® C and nominal Vdd. 

■Maximum limits of minimum characteristics are the values above which all devices function. 


TIMING SPECIFICATIONS as a function of T (T = 1/fCLOCK) a* Ta = -40 to +85°C, Vdd = 5 V, ±5%. 




LIMITS 


CHARACTERISTIC 



UNITS 




Typ.* 


High-Order Memory-Address Byte 

Set-Up to TPA \ Time 

tsu 

IQQI 

2T-175 


M^ to TPA \ Time 

tsu 


T/2-75 


High-Order Memory-Address Byte 

Hold after TPA Time 

tH 

T/2+75 

T/2+100 


Low-Order Memory-Address Byte 

Hold after WR Time 

tH 

T+180 

T+240 

ns 

CPU Data to Bus Hold 

after WR Time 

tH 

T+110 

T+150 


Required Memory Access Time 

Address to Data 

tACC 

4.5T-440 

4.5T-330 



•Typical values are for Ta = 25® C and nominal Vdd. 
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CDP1805AC, CDP1806AC 


Operating and Handling Considerations 

1. Handling 

All inputs and outputs of Harris CMOS devices have a 
network for electrostatic protection during handling. 

2. Operating 

Operating Voltage 

During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause 
Vdd-Vss exceed the absolute maximum rating. 

Input Signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than V^q nor less than Vss- 
Input currents must not exceed 10mA even when the power 
supply is off. 

Unused Inputs 

A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vqq or 
Vss. whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Vqq or Vss damage CMOS 
devices by exceeding the maximum device dissipation. 
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80C286 

High Performance Microprocessor 
With Memory Management and Protection 


Features 

• Compatible with NMOS 80286 

• Wide Range of Clock Rates: 

-DC to 25MHz (80C286-25) 

-DC to 20MHz (80C286-20) 

-DC to 16MHz (80C286-16) 

-DC to 12.5MHz (80C286-12) 

-DC to 10MHz (80C286-10) 

• Static CMOS Design for Low Power Operation 

► ICCSB = 5mA Maximum 

► ICCOP = 185mA Maximum (80C286-10) 

220mA Maximum (80C286-12) 

260mA Maximum (80C286-16) 

310mA Maximum {80C286-20) 

410mA Maximum (80C286-25) 

• High Performance Processor (Up to 19 Times the 8086 Throughput) 

• Large Address Space: 

► 16 Megabytes Physlcal/1 Gigabyte Virtual per Task 

• Integrated Memory Management, Four-Level Memory Protection 
and Support for Virtual Memory and Operating Systems 

• Two 80C86 Upward Compatible Operating Modes: 

► 80C286 Real Address Mode ► PVAM 

• Compatible with 80287 Numeric Data Co-Processor 

• High Bandwidth Bus Interface (25 Megabyte/Sec) 

• Available in: 

► 68 Pin PGA (Commercial, Industrial, and Military) 

► 68 Pin PLCC (Commercial and Industrial) 

Description 

The Harris 80C286 is a static CMOS version of the NMOS 80286 
microprocessor. The 80C286 is an advanced, high-performance micro¬ 
processor with specially optimized capabilities for multiple user and 
multi-tasking systems. The 80C286 has built-in memory protection that 
supports operating system and task isolation as well as program and 
data privacy within tasks. A 25MHz 80C286 provides up to nineteen 
times the throughput of a standard 5MHz 8086. The 80C286 includes 
memory management capabilities that map 2^0 (one gigabyte) of virtual 
address space per task into 2^4 bytes (16 megabytes) of physical 
memory. 

The 80C286 is upwardly compatible with 80C86 and 80C88 sofware (the 
80C286 instruction set is a superset of the 80C86/80C88 instruction 
set). Using the 80C286 real address mode, the 80C286 is object code 
compatible with existing 80C86 and 80C88 software. In protected virtual 
address mode, the 80C286 is source code compatible with 80C86 and 
80C88 software but may require upgrading to use virtual address as 
supported by the 80C286’s integrated memory management and 
protection mechanism. Both modes operate at full 80C286 performance 
and execute a superset of the 80C86 and 80C88 instructions. 

The 80C286 provides special operations to support the efficient 
implementation and execution of operating systems. For example, one 
instruction can end execution of one task, save its state, switch to a new 
task, load its state, and start execution of the new task. The 80C286 also 
supports virtual memory systems by providing a segment-not-present 
exception and restartable instructions. 


Pin Configurations 

Component Pad View — As viewed from underside of 
the component when mounted on the board. 





P.C. Board View — As viewed from the component side 
of the P C board. 



Vss pereq 
V cc ready 

HOLD HLDA 

cod/Tnta “ 


PIN 1 INDICATOR 


@@ ® @ 

@@ ® @ 

@@ @@ 

@ ® PGA @ @ 

@@ @@ 

@® @@ 

@@ @ @ 



P.C. Board View — As viewed from the component side 
of the P C. board 





CAUTION- Electronic devices are sensitive to electrostatic discharge. Proper 1C handling procedures should be followed pjlg jvjumber 2947 

Copyright © Harris Corporation 1991 
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Ordering Information 



TEMPERATURE 






PACKAGE 

RANGE 

10MHz 

12.5MHz 

16MHz 

20MHz 

25MHz 



CG80C286-12 


IG80C286-12 


-550Cto+1250C MG80C286-10/883 MG80C286-12/883 


CS80C286-12 


IS80C286-12 


•Respective /883 specifications are included at the end of this data sheet. 


CcG80C286-16 CG80C286-20 



CS80C286-16 


IS80C286-16 




IS80C286-20 


Functional Diagram 


ADDRESS UNIT (AU) 



ADDRESS 

LATCHES AND DRIVERS 

PROCESSOR 
PREFETCHER EXTENSION 
INTERFACE 


DATA TRANSCEIVERS 


I 3 DECODED ! 

- INSTRUCTION 

- QUEUE 


INSTRUCTION! 

DECODER 


INSTRUCTION , 
UNIT (lU) ' 


- READY, HOLD 

^ §T, §0, cod/iRTa 

^ L5CK, HLDA 
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Pin Description 

The following pin function descriptions are for the 80C286 microprocessor- 


SYSTEM CLOCK provides the fundamental timing for the 80C286 system It is divided 
by two inside the 80C286 to genenerate the processor clock The internal divide-by-two 
circuitry can be synchronized to an external clock generator by a LOW to HIGH 
transition on the RESET input. 


SYMBOL 

PIN 

NUMBER 

CLK 

31 

Di5-Dg 

36-51 

A23-Ag 

7-8 

10-28 

32-43 

BHE 

1 





Si,So I 4,5 


M/IO I 67 


DATA BUS inputs data during memory, I/O, and interrupt acknowledge read cycles, 
outputs data during memory and I/O write cycles. The data bus is active HIGH and is 
held at high impedance to the last valid logic level during bus hold acknowledge 

ADDRESS BUS. outputs physical memory and I/O port addresses. A 23 -A -10 are LOW 
during I/O transfers. Aq is LOW when data is to be transferred on pins Dy-Dg (see table 
below) The address bus is active High and floats to three-state off during bus hold 
acknowledge 

BUS HIGH ENABLE, indicates transfer of data on the upper byte of the data bus, 
D- 15 -D 8 Eigh t-bit oriented devices assigned to the u pper byte of the data bus would 
normally use BHE to condition chip select functions BHE is active LOW and floats to 
three-state OFF during bus hold acknowledge. 


BHE and Ag Encodings 


Ag Value 


0 0 Word transfer 

0 1 Byte transfer on upper half of data bus (D-is-Dg) 

1 0 Byte transfer on lower half of data bus (Dy-Dg) 

1 1 Reserved 

BUS CYCL E STATUS: indicates initiation of a bus cycle and along with M/IO and 
COD/INT>^defines_the type of bus cycle. The bus is in a Ts state whenever one or both 
are LOW Si and Sg are active LOW and are held at a high impedance logic one during 
bus hold acknowledge. 

80C286 Bus Cycle Status Definition 


COD/I NTA 

M/IO 

Si 

So 

Bus Cycle Initiated 

O(LOW) 

0 

0 

0 

Interrupt acknowledge 

0 

0 

0 

1 

Reserved 

0 

0 

1 

0 

Reserved 

0 

0 

1 

1 

None: not a status cycle 

0 

1 

0 

0 

If Ai=1 then halt, else shutdown 

0 

1 

0 

1 

Memory data read 

0 

1 

1 

0 

Memory data write 

0 

1 

1 

1 

None, not a status cycle 

1(HIGH) 

0 

0 

0 

Reserved 

1 

0 

0 

1 

I/O read 

1 

0 

1 

0 

I/O write 

1 

0 

1 

1 

None: not a status cycle 

1 

1 

0 

0 

Reserved 

1 

1 

0 

1 

Memory instruction read 

1 

1 

1 

0 

Reserved 

1 

1 

1 

1 

None, not a status cycle 


MEMORY I/O SELECT: distinguishes memory access from I/O access. If HIGH during 
Ts, a memory cycle or a halt/shutdown cycle isjn progress. If LOW, an I/O cycle or an 
interrupt acknowledge cycle is in progress M/IO is held at high impedance to the last 
valid logic state during bus hold acknowledge 
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Pin Description 


TABLE 1. CONTINUED 

PIN 

SYMBOL NUMBER 

TYPE 

DESCRIPTION 







66 

0 

CODE/INTERRUPT ACKNOWLEDGE distinguishes instruction fetch cycles from 
memory data read cycles Also distinguishes interrupt acknowledge cycles from I/O 
cycles COD/INTA is held at high impedancj^to the last valid logic state during bus hold 
acknowledge Its timing is the same as M/IO 

68 

0 

BUS LOCK indicates that other system bus masters are not to gam control of the system 
bus for the current and following bus cycles The LOCK signal may be activated 
explicitly by the “LOCK” instruction prefix or automatically by 80C286 hardware during 
memory XCHG instructions, interrupt acknowledge, or descriptor table access. LOCK 

IS active LOW and is held at a high impedance logic one during bus hold acknowledge 

63 

I 

BUS READY terminates a bus cycle Bus cycles are extended without limit until 
terminated by READY LOW READY is an active LOW synchronous input requiring 
setup and hold times relative to the system clock be met for correct operation READY is 
ignored during bus hold acknowledge (Note 1) 

64 

I 

BUS HOLD REQUEST AND HOLD ACKNOWLEDGE control ownership of the 80C286 

65 

0 

local bus The HOLD input allows another local bus master to request control of the 
local bus When control is granted, the 80C286 will float its bus drivers and then activate 
HLDA, thus entering the bus hold acknowledge condition The local bus will remain 
granted to the requesting master until HOLD becomes inactive which results in the 
80C286 deactivating HLDA and regaining control of the local bus This terminates the 
bus hold acknowledge condition HOLD may be asynchronous to the system clock. 
These signals are active HIGH Note that HLDA never floats. 

57 

I 

INTERRUPT REQUEST requires the 80C286 to suspend its current program execution 
and service a pending external request Interrupt requests are masked whenever the 
interrupt enable bit in the flag word is cleared When the 800286 responds to an interrupt 
request, it performs two interrupt acknowledge bus cycles to read an 8-bit interrupt 
vector that identifies the source of the interrupt To ensure program interruption, INTR 
must remain active until an interrupt acknowledge bus cycle is initiated. INTR is 
sampled at the beginning of each processor cycle and must be active HIGH at least two 
processor cycles before the current instruction ends in order to interrupt before the next 
instruction INTR is level sensitive, active HIGH, and may be asynchronous to the 
system clock 

59 

I 

NON-MASKABLE INTERRUPT REQUEST interrupts the 800286 with an internally 
supplied vector value of two No interrupt acknowledge cycles are performed. The 
interrupt enable bit in the 800286 flag word does not affect this input The NMI input is 
active HIGH, may be asynchronous to the system clock, and is edge triggered after 
internal synchronization For proper recognition, the input must have been previously 
LOW for at least four system clock cycles and remain HIGH for at least four system clock 
cycles 

61 

I 

PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOWLEDGE: extend the 

6 

0 

memory management and protection capabilities of the 800286 to processor 
extensions. The PEREQ input requests the 80C286 to perform a data operand transfer 
for a processor extension. The PEACK output signals the processor extension when the 
requested operand is being transferred. PEREQ is active HIGH. PEACK is active LOW 
and IS held at a high impedance logic one during bus hold acknowledge. PEREQ may be 
asynchronous to the system clock. 


BUSY 


ERROR 



PROCESSOR EXTENSION BUSY AND ERROR: i ndicat es the operating condition of a 
processor extension to the 80C286. An active BUS Y inp ut stops 800286 program 
execution on WAIT and some ESC instructions u ntil BU SY becomes inactive (HIGH). 
The 80C 286 may be interrupted while waiting for BUSY to become inactive. An active 
ERROR input causes the 80C286 to perform a processor extension interrupt when 
executing WAIT or some ESC instructions. These inputs are active LOW and may be 
asynchronous to the system clock 
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Pin Description 


TABLE 1. CONTINUED 



PIN 



SYMBOL 

NUMBER 

TYPE 

DESCRIPTION 


SYSTEM RESET: clears the internal logic of the80C286 and isactive HIGH. The 80C286 
may be reinitialized at any time with a LOW to HIGH transition on RESET which remains 
active for more than 16 system clock cycles. During RESET active, the output pins of the 
80C286 enter the state shown below 



1 (HIGH) 

0 (LOW) 

HIGH IMPEDANCE 


80C286 Pm State During Reset 


So._Si, PEACK, A23 -Aq, BHE. LOCK 
M/IO, COD/INTA, HLDA (Note 2) 
D15-D0 


I 


Vss 9. 35. 60 


Vcc 30.62 


Operation of the 800286 begins after a HIGH to LOW transition on RESET. The HIGH to 
LOW transition of RESET must be synchronous to the system clock. Approximately 50 
system clock cycles are required by the 800286 for internal initializations before the first 
bus cycle to fetch code from the power-on execution address is performed A LOW to 
HIGH transition of RESET synchronous to the system clock will end a processor cycle at 
the second HIGH to LOW transition of the system clock The LOW to HIGH transition of 
RESET may be asynchronous to the system clock; however, in this case it cannot be 
predetermined which phase of the processor clock will occur during the next system 
clock period. Synchronous LOW to HIGH transitions of RESET are required only for 
systems where the processor clock must be phase synchronous to another clock 


SYSTEM GROUND- are the ground pins (all must be connected to system ground) 


SYSTEM POWER: +5 volt power supply pins. A 0 1/iF capacitor between pins 60 and 62 
Is recommended 


NOTES: 1. READY is an open-coliector signal and should be pulled inactive with an appropriate resistor 
(620n at 10MHz and 12.5 MHz. 4700 at 16MHz. 3900 at 20MHz. 2700 at 25MHz). 

2, HLDA is only Low if HOLD is inactive (Low). 

3. All unused inputs should be pulled to their inactive state with pull up/down resistors. 

Functional Description 


Introduction 


The Harris 80C286 microprocessor is a static CMOS 
version of the NMOS 80286 microprocessor. The 80C286 
is an advanced, high-performance microprocessor with 
specially optimized capabilities for multiple user and 
multi-tasking systems. Depending on the application, the 
80C286’s performance is up to nineteen times faster than 
the standard 5MHz 8086’s, while providing complete 
upward software compatibility with Harris 80C86 and 
80C88 CPU family. 

In 80C286 real address mode programs use real addresses 
with up to one megabyte of address space. Programs use 
virtual addresses in protected virtual address mode, also 
called protected mode. In protected mode, the 80C286 
CPU automatically maps 1 gigabyte of virtual addresses per 
task into a 16 megabyte real address space. This mode also 
provides memory protection to isolate the operating system 
and ensure privacy of each tasks’ programs and data. Both 
modes provide the same base instruction set, registers and 
addressing modes. 

The 80C286 operates in two modes: 80C286 real address 
mode and protected virtual address mode. Both modes 
execute a superset of the 80C86 and 80C88 instruction set. 

The Functional Description describes the following: Static 
operation, the base 80C286 architecture common to both 
modes, 80C286 real address mode, and finally, protected 
mode. 
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static Operation 

The 80C286 is comprised of completely static circuitry. 
Internal registers, counters, and latches are static and 
require no refresh as with dynamic circuit design. This 
eliminates the minimum operating frequency restriction 
typically placed on microprocessors. The CMOS 80C286 
can operate from DC to the specified upper frequency 
limit. The clock to the processor may be stopped at any 
point (either phase one or phase two of the processor 
clock cycle) and held there indefinitely. There is, 
however, a significant decrease in power requirement if 
the clock IS stopped in phase two of the processor clock 
cycle. Details on the clock relationships will be discussed 
in the Bus Operation section. The ability to stop the clock 
to the processor is especially useful for system debug or 
power critical applications. 


The 80C286 can be single-stepped using only the 
CPU clock. This state can be maintained as long as 
necessary. Single step clock information allows simple 
interface circuitry to provide critical information for 
system debug. 

Static design also allows very low frequency operation 
(down to DC). In a power critical situation, this can 
provide low power operation since 80C286 power 
dissipation is directly related to operating frequency. As 
the system frequency is reduced, so Is the operating 
power until, ultimately, with the clock stopped In phase 
two of the processor clock cycle, the 80C286 power 
requirement is the standby current (5mA maximum). 


80C286 Base Architecture 

The 80C86, 80C88, and 80C286 CPU family all contain the 
same basic set of registers, instructions, and addressing 
modes The 80C286 processor is upwardly compatible 
with the 80C86 and 80C88 CPU’s. 

Register Set 

The 80C286 base architecture has fifteen registers as 
shown in Figure 1 These registers are grouped into the 
following four categories. 


GENERAL REGISTERS: Eight 16-bit general purpose 
registers used to contain arithmetic and logicai operands. 
Four of these (AX, BX, CX and DX) can be used either In 
their entirety as 16-bit words or split into pairs of separate 
8-bit registers. 

SEGMENT REGISTERS: Four 16-bit special purpose 
registers select, at any given time, the segments of 
memory that are immediately addressable for code, stack 
and data. (For usage, refer to Memory Organization.) 


16-BIT 

REGISTER 

NAME 


SPECIAL 

REGISTER 

FUNCTIONS 


BYTE 

ADDRESSABLE 

(8-BIT 

REGISTER 

NAMES 

SHOWN) 


7_07_0 


AX 

AH 

AL 

DX 

DH 

DL 

CX 

CH 

CL 

BX 

BH 

BL 

BP 


SI 


Dl 


SP 



) 

} 


) 


15 


0 


MULTIPLY/DIVIDE 
I/O INSTRUCTIONS 

LOOP/SHIFT/REPEAT COUNT 

BASE REGISTERS 

INDEX REGISTERS 

STACK POINTER 


GENERAL 

REGISTERS 


15 0 



STATUS AND CONTROL 
REGISTERS 


CODE SEGMENT SELECTOR 
DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 

FLAGS 

INSTRUCTION POINTER 
MACHINE STATUS WORD 


FIGURE 1. REGISTER SET 
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AUXILIARY CARRY 
ZERO 
SIGN 
OVERFLOW 


TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


VO PRIVILEGE LEVEL 
NESTED TASK FLAG 


RESERVED TASK SWITCH - 

PROCESSOR EXTENSION EMULATED -1 

MONITOR PROCESSOR EXTENSION _ 

PROTECTION ENABLE - 

FIGURE 2. STATUS AND CONTROL REGISTER BIT FUNCTIONS 


BASE AND INDEX REGISTERS: Four of the general 
purpose registers may also be used to determine offset 
addresses of operands in memory. These registers may 
contain base addresses or indexes to particular locations 
within a segment. The addressing mode determines the 
specific registers used for operand address calculations. 

STATUS AND CONTROL REGISTERS: Three 16-bit 
special purpose registers record or control certain 
aspects of the 80C286 processor state. These include the 
Flags register and Machine Status Word register shown in 


Figure 2, and the Instruction Pointer, which contains the 
offset address of the next sequential instruction to be 
executed. 

Flags Word Description 

The Flags word (Flags) records specific characteristics of 
the result of logical and arithmetic instrucitons (bits 0, 2, 
4, 6, 7 and 11) and controls the operation of the 80C286 
within a given operating mode (bits 8 and 9). Flags is a 
16-bit register. The function of the flag bits is given in 
Table 2. 


TABLE 2. FLAGS WORD BIT FUNCTIONS 


BIT POSITION 



Carry Flag — Set on high-order bit carry or borrow, cleared otherwise 


Parity Flag — Set if low-order 8-bits of result contain an even number of 1-bits, cleared 
otherwise 


Set on carry from or borrow to the low order four bits of AL, cleared otherwise 


Zero Flag — Set if result is zero, cleared otherwise 


Sign Flag — Set equal to high-order bit of result (0 if positive, 1 if negative) 


Overflow Flag — Set if result is a too-large positive number or a too-small negative 
number (excluding sign-bit) to fit in destination operand, cleared otherwise 


Single Step Flag — Once set, a single step interrupt occurs after the next instruction 
executes TF is cleared by the single step interrupt 


Interrupt-enable Flag — When set, maskable interrupts will cause the CPU to transfer 
control to an interrupt vector specified location 


Direction Flag — Causes string instructions to auto decrement the appropriate index 
registers when set Clearing DF causes auto increment 
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Instruction Set 

The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipula¬ 
tion, control transfer, high level instructions, and 
processor control. These categories are summarized in 
Figure 3. 

An 80C286 instruction can reference zero, one, or two 
operands, where an operand may reside in a register, in 
the instruction itself, or in memory. Zero-operand 
instructions (e.g. NOP ane HLT) are usually one byte 
long. One-operand instructions (e.g. INC and DEC) are 
usually two bytes long but some are encoded in only one 
byte. One-operand instructions may reference a register 
or memory location. Two-operand instructions permit the 
following six types of instruction operations* 

• Register to Register • Memory to Memory 

• Memory to Register • Register to Memory 

• Immediate to Register • Immediate to Memory 

GENERAL PURPOSE 

MOV Move byte or word 

PUSH Push word onto stack 

POP Pop word off stack 

PUSHA Push all registers on stack 

POPA Pop all registers from stack 

XCHG Exchange byte or word 


XLAT I Translate byte _ 

_ INPUT/OUTPUT _ 

IN Input byte or word 

OUT _ Output byte or word _ 

_ ADDRESS OBJECT _ 

LEA Load effective address 

LDS _ Load pointer using PS _ 

LES Load pointer using ES 

_ FLAG TRANSFER _ 

LAHF _ Load AH register from flags _ 

SAHF Store AH register in flags 

PUSHF _ Push flags onto stack _ 

POPF _ Pop flags off stack _ 

FIGURE 3A. DATA TRANSFER INSTRUCTIONS 


REPE/REPZ 

REPNE/REPNZ 


Move byte or word string 


Input bytes or word string 


Output bytes or word string 
Compare byte or word string 

Scan byte or word string _ 

Load byte or word string _ 

Store byte or word string _ 

Repeat 

Repeat while equal/zero _ 

Repeat while not equal/not zero 


i 


FIGURE 3C. STRING INSTRUCTIONS 


Two-operand instructions (e.g. MOV and ADD) are 
usually three to six bytes long. Memory to memory 
operations are provided by a special class of string 
instructions requiring one to three bytes. For detailed 
instruction formats and encodings refer to the instruction 
set summary at the end of this document. 

ADDITION 

ADD Add byte or word 

ADC Add byte or word with carry 
INC Increment byte or word by 1 
AAA ASCII adjust for addition 

DAA Decimal adjust for addition 

_ SUBTRACTION _ 

SUB _ Subtract byte or word _ 

SBB Subtract byte or word with borrow 
DEC Decrement byte or word by 1 

NEG Negate byte or word 

CMP Compare byte or word 

AAS ASCII adjust for subtraction 

DAS Decimal adjust for subtraction 

_ MULTIPLICATION _ 

MUL Multiply byte or word unsigned 

IMUL Integer multiply byte or word _ 

AAM ASCII adjust for multiply 

DIVISION 


Divide byte or word unsigned _ 

Integer divide byte or word 
ASCII adjust for division 


Convert byte to word 


I CWD I Convert word to doubleword _| 

FIGURE 3B. ARITHMETIC INSTRUCTIONS 

LOGICALS ' 

NOT “Not” byte or word _ 

AND “And” byte or word __ 

OR “Inclusive or” byte or word 

“Exclusive or” byte or word 


TEST I “Test” byte or word _ 

SHIFTS 


SHL/SAL Shift logical/arithmetic left byte or word 

SHR Shift logical right byte or word _ 

SAR Shift arithmetic right byte or word 

__ ROTATES _ 

ROL _ Rotate left byte or word _ 

ROR Rotate right byte or word 

RCL Rotate through carry left byte or word 

RCR Rotate through carry right byte or word 

FIGURE 3D. SHIFT/ROTATE LOGICAL INSTRUCTIONS 



I 
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CONDITIONAL TRANSFERS | 

UNCONDITIONAL TRANSFERS 

JA/JNBE 

Jump if above/not below nor equal 

CALL 

Call procedure 

JAE/JNB 

Jump if above or equal/not below 

RET 

Return from procedure 

JB/JNAE 

Jump if below/not above nor equal 

JMP 

Jump 

JBE/JNA 

Jump if below or equal/not above 

JC 

Jump if carry 

ITERATION CONTROLS 

JE/JZ 

Jump if equal/zero 

LOOP 

Loop 

JG/JNLE 

Jump if greater/not less nor equal 

JGE/JNL 

Jump if greater or equal/not less 

LOOPE/LOOPZ 

Loop if equal/zero 

JL/JNGE 

Jump if less/not greater nor equal 

LOOPNE/LOOPNZ 

Loop if not equal/not zero 

JLE/JNG 

Jump if less or equal/not greater 

JCXZ 

Jump if register CX = 0 

JNC 

Jump if not carry 

JNE/JNZ 

Jump if not equal/not zero 

INTERRUPTS 

JNO 

Jump if not overflow 

INT 

Interrupt 

JNP/JPO 

Jump if not parity/parity odd 

JNS 

Jump if not sign 

INTO 

Interrupt if overflow 

JO 

Jump if overflow 

IRET 

Interrupt return 

JP/JPE 

Jump if parity/parity even 

JS 

Jump if sign 


FIGURE 3E. PROGRAM TRANSFER INSTRUCTIONS 


FLAG OPERATIONS 

STC 

Set carry flag 

CLC 

Clear carry flag 

CMC 

Complement carry flag 

STD 

Set direction flag 

CLD 

Clear direction flag 

STI 

Set interrupt enable flag 

CLl 

Clear interrupt enable flag 

1 EXTERNAL SYNCHRONIZATION | 

HLT 

Halt until interrupt or reset 

WAIT 

Wait for TEST pin active 

ESC 

Escape to extension processor 

LOCK 

Lock bus during next instruction 

NO OPERATION 

NOP No operation 

EXECUTION ENVIRONMENT CONTROL 

LMSW 

Load machine status word 

SMSW 

Store machine status word 


FIGURE 3F. PROCESSOR CONTROL INSTRUCTIONS 


ENTER 

Format stack for procedure entry 

LEAVE 

Restore stack for procedure exit 

BOUND 

Detects values outside prescribed range 


Memory Organization 

Memory is organized as sets of variable-length segments. 
Each segment is a linear contiguous sequence of up to 
64K (2*^6) 8-bit bytes. Memory is addressed using a 
two-component address (a pointer) that consists of a 
16-bit segment selector and a 16-bit offset. The segment 
selector indicates the desired segment in memory. The 
offset component indicates the desired byte address 
within the segment. (See Figure 4). 

All instructions that address operands in memory must 
specify the segment and the offset. For speed and 
compact instruction encoding, segment selectors are 
usually stored in the high speed segment registers. An 
instruction need specify only the desired segment 
register and offset in order to address a memory operand. 



SELECTED 

SEGMENT 


FIGURE 3G. HIGH LEVEL INSTRUCTIONS 


FIGURE 4. TWO COMPONENT ADDRESS 
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TABLE 3. SEGMENT REGISTER SELECTION RULES 


Memory 

Reference Needed 

Segment Register 
Used 

Implicit Segment 

Selection Rule 

Instructions 

Code (CS) 

Automatic with instruction prefetch 

Stack 

Stack (SS) 

All stack pushes and pops Any memory reference which uses BP as a 
base register 

Local Data 

Data(DS) 

All data references except when relative to stack or string destination 

External (Global) Data 

Extra (ES) 

Alternate data segment and destination of string operation 


Most instructions need not explicitly specify which 
segment register is used The correct segment register is 
automatically chosen according to the rules of Table 3. 
These rules follow the way programs are written (see 
Figure 5) as independent modules that require areas for 
code and data, a stack, and access to external data areas 

Special segment override instruction prefixes allow the 
implicit segment register selection rules to be overriden 
for special cases. The stack, data and extra segments may 
coincide for simple programs. To access operands not re¬ 
siding in one of the four immediately available segments, 
a full 32-bit pointer or a new segment selector must be 
loaded. 

Addressing Modes 

The 80C286 provides a total of eight addressing modes for 
' instructions to specify operands. Two addressing modes 
are provided for instructions that operate on register or 
immediate operands; 

REGISTER OPERAND MODE: The operand is located in 
one of the 8 or 16-bit general registers. 

IMMEDIATE OPERAND MODE: The operand is included 
in the instruction. 

Six modes are provided to specify the location of an oper¬ 
and in a memory segment. A memory operand address 
consists of two 16-bit components- segment selector and 
offset. The segment selector is supplied by a segment 
register either implicitly chosen by the addressing mode 
or explicitly chosen by a segment override prefix. The off¬ 
set IS calculated by summing any combination of the 
following three address elements: 

the displacement (an 8 or 16-bit immediate value 
contained in the Instruction) 


r- 

I I 


MODULE A 


CODE 


DATA 


I 

I 


I 

I 


MODULE B 


PROCESS 

STACK 


CODE 


DATA 


I 

I 


I 


CPU 


I 

I 


- 

CODE 

DATA 

STACK 

EXTRA 


SEGMENT 

REGISTERS 


I I 


PROCESS 
DATA 
BLOCK 1 


I I 

I I 


PROCESS 
DATA 
BLOCK 2 


I I 

L_I 

MEMORY 


the base (contents of either the BX or BP base registers) 
the Index (contents of either the SI or Dl index registers) 


FIGURE 5. SEGMENTED MEMORY HELPS 
STRUCTURE SOFTWARE 
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Any carry out from the 16-bit addition is ignored. Eight-bit 
displacements are sign extended to 16-bit values. 

Combinations of these three address elements define the 
six memory addressing modes, described below. 

DIRECT MODE. The operand’s offset is contained in the 
instruction as an 8 or 16-bit displacement element. 

REGISTER INDIRECT MODE: The operand’s offset is in 
one of the registers SI, Dl, BX or BP. 

BASED MODE: The operand’s offset is the sum of an 8 or 
16-bit displacement and the contents of a base register 
(BX or BP) 

INDEXED MODE: The operand’s offset is the sum of an 8 
or 16-bit displacement and the contents of an index regis¬ 
ter (SI or Dl). 

BASED INDEXED MODE' The operand’s offset is the sum 
of the contents of a base register and an index register. 

BASED INDEXED MODE WITH DISPLACEMENT: The 
operand’s offset is the sum of a base register’s contents, 
an index register’s contents, and an 8 or 16-bit displace¬ 
ment. 


Figure 6 graphically represents the data types supported 
by the 80C286. 




UNSIGNED 

BYTE 


SIGN BIT ^ i^MSB _| 

MAGNITUDE 

SIGNED 31 ■'■2 1615 ° 

DOUBLE I n ii 'T 1 1 I T 111 T T' T ' i rri tt 't t i t ' T ' i n 
WORD* II I ' 

SIGN BIT-I i^msb 

MAGNITUDE 

+ 7 +6 +5 +4 +3 +2 +1 0 

SIGNED 63 48 4-7 32 3T 16 15 

QUAD n I f I 

WORD* II I I I I I I I 

SIGN BIT^ i*- MSB _ 

MAGNITUDE 


Data Types 

The 80C286 directly supports the following data types: 

Integer: A signed binary numeric value contained in an 
8-bit byte or a 16-bit word. All operations assume 
a 2’s complement representation. Signed 32 and 
64-bit integers are supported using the 80287 
Numeric Data Processor. 

Ordinal: An unsigned binary numeric value contained in 
an 8-bit byte or 16-bit word. 

Pointer: A 32-bit quantity, composed of a segment 
selector component and an offset component. 
Each component is a 16-bit word. 

String: A contiguous sequence of bytes or words. A 

string may contain from 1 byte to 64K bytes. 

ASCII: A byte representation of alphanumeric and 

control characters using the ASCII standard of 
character representation. 

BCD: A byte (unpacked) representation of the decimal 

digits 0-9. 

Packed A byte (packed) representation of two decimal 

BCD: digits 0-9 storing one digit in each nibble of the 

byte. 

Floating A signed 32, 64 or 80-bit real number 

Point: representation. (Floating point operands are 

supported using the 80287 Numeric Processor 
extension). 


UNSIGNED I 
WORD 


-MSB 

MAGNITUDE 


|TTTpnnq 

, BCD 
DIGIT N 

7 0 

[TT^ 


BCD BCD 

DIGIT 1 DIGIT 0 


CHARACTERn CHARACTERi CHARACTERo 


n i Tji iTi 


SIGNIFICANT DIGIT SIGNIFICANT DIGIT 

7/15 0 7/15 0 7/15 ^ 0 

, p 'lr p 'iT j 11II11 rrjriTjTTT 

BYTE/WORD N BYTE/WORD 1 BYTE/WORD 0 


SELECTOR OFFSET 

f9 +8 +7 +6 +5 +4 +3 +2 +1 0 


FLOATING 

POINT* 


’Supported by 80C286/80287 Numeric Data Processor Configuration 

FIGURE 6. 80C286 SUPPORTED DATA TYPES 
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TABLE 4. INTERRUPT VECTOR ASSIGNMENTS 



INTERRUPT 

RELATED 

DOES RETURN ADDRESS 
POINT TO INSTRUCTION 

FUNCTION 

NUMBER 

INSTRUCTIONS 

CAUSING EXCEPTION? 


I 


Divide error exception 


Single step interrupt 


NMI interrupt 


Breakpoint interrupt 


INTO detected overflow exception 


BOUND range exceeded exception 


Invalid opcode exception 


Processor extension not available exception 


Reserved-do not use 


Processor extension error interrupt 


Reserved 


I User defined _ 

I/O Space 


The I/O space consists of 64K 8-bit ports, 32K 16-bit ports, 
or a combination of the two. I/O instructions address the 
I/O space with either an 8-bit port address, specified in the 
instruction, or a 16-bit port address in the DX register. 
8-bit port addresses are zero extended such that A 15 -A 8 
are LOW. I/O port addresses 00F8(H) through OOFF(H) 
are reserved. 

Interrupts 

An interrupt transfers execution to a new program 
location. The old program address (CS.IP) and machine 
state (Flags) are saved on the stack to allow resumption of 
the interrupted program. Interrupts fall into three classes: 
hardware initiated, INT instructions, and instruction 
exceptions Hardware initiated interrupts occur in 
response to an external input and are classified as 
non-maskable or maskable. Programs may cause an 
interrupt with an INT instruction. Instruction exceptions 
occur when an unusual condition which prevents further 
instruction processing is detected while attempting to 
execute an instruction. The return address from an 
exception will always point to the instruction causing the 
exception and include any leading instruction prefixes. 

A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 0- 
31, some of which are used for instruction exceptions, are 
reserved For each interrupt, an 8-bit vector must be 
supplied to the 80C286 which identifies the appropriate 
table entry. Exceptions supply the interrupt vector inter¬ 
nally INT instructions contain or imply the vector and 
allow access to all 256 interrupts. Maskable hardware 
initiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. Non¬ 
maskable hardware interrupts use a predefined internally 
supplied vector. 



Maskable Interrupt (INTR) 

The 80C286 provides a maskable hardware Interrupt 
request pin, INTR. Software enables this input by setting 
the interrupt flag bit (IF) in the flag word. All 224 
user-defined interrupt sources can share this input, yet 
they can retain separate interrupt handlers. An 8-bit 
vector read by the CPU during the interrupt acknowledge 
sequence (discussed in System Interface section) 
identifies the source of the interrupt. 

The processor automatically disables further maskable 
interrupts internally by resetting the IF as part of the 
response to an interrupt or exception. The saved flag 
word will reflect the enable status of the processor prior to 
the interrupt. Until the flag word is restored to the flag 
register, the interrupt flag will be zero unless specifically 
set. The interrupt return instruction includes restoring the 
flag word, thereby restoring the original status of IF. 

Non-Maskable Interrupt Request (NMI) 

A non-maskable interrupt input (NMI) is also provided. 
NMI has higher priority than INTR. A typical use of NMI 
would be to activate a power failure routine. The 
activation of this input causes an interrupt with an 
internally supplied vector value of 2. No external Interrupt 
acknowledge sequence is performed. 

While executing the NMI servicing procedure, the80C286 
will service neither further NMI requests, INTR requests, 
nor the processor extension segment overrun interrupt 
until an interrupt return (IRET) instruction is executed or 
the CPU is reset. If NMI occurs while currently servicing 
an NMI, its presence will be saved for servicing after 
executing the first IRET instruction. IF is cleared at the 
beginning of an NMI interrupt to inhibit INTR interrupts. 
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Single Step Interrupt 

The 80C286 has an internal interrupt that allows programs 
to execute one instruction at a time. It Is called the single 
step Interrupt and is controlled by the single step flag bit 
(TF) in the flag word. Once this bit is set, an internal single 
step interrupt will occur after the next instruction has 
been executed. The Interrupt clears the TF bit and uses an 
internally supplied vector of 1. The IRET instruction is 
used to set the TF bit and transfer control to the next 
instruction to be single stepped. 

Interrupt Priorities 

When simultaneous interrupt requests occur, they are 
processed in a fixed order as shown in Table 5. Interrupt 
processing Involves saving the flags, return address, and 
setting CS:IP to point at the first instruction of the 
interrupt handler. If another enabled interrupt should 
occur. It is processed before the next instruction of the 
current interrupt handler is executed. The last interrupt 
processed is therefore the first one serviced. 


TABLE 5. INTERRUPT PROCESSING ORDER 


ORDER 

INTERRUPT 

1 

Instruction exception 

2 

Single step 

3 

NMI 

4 

Processor extension segment overrun 

5 

INTR 

6 

INT instruction 


Initialization and Processor Reset 

Processor initialization or start up is accomplished by 
driving the RESET input pin HIGH. RESET forces the 
80C286 to terminate all execution and local bus activity. 
No instruction or bus activity will occur as long as RESET 
is active. After RESET becomes inactive, and an internal 
processing interval elapses, the 80C286 begins execution 
in real address mode with the instruction at physical 
location FFFFFO(H). RESET also sets some registers to 
predefined values as shown in Table 6. 


TABLE 6. 80C286 INITIAL REGISTER STATE AFTER RESET 


Flag word 

0002(H) 

Machine status word 

FFFO(H) 

Instruction pointer 

FFFO(H) 

Code segment 

FOOO(H) 

Data segment 

0000(H) 

Extra segment 

0000(H) 

Stack segment 

0000(H) 


HOLD must not be active during the time from the leading 
edge of the initial RESET to 34 CLKs after the trailing edge 
of the initial RESET of an 80C286 system. 


Machine Status Word Description 

The machine status word (MSW) records when a task 
switch takes place and controls the operating mode of the 
80C286. It is a 16-bit register of which the lower four bits 
are used. One bit places the CPU into protected mode, 
while the other three bits, as shown in Table 7, control the 


TABLE 7. MSW BIT FUNCTIONS 


BIT POSITION 

NAME 

FUNCTION 

0 

PE 

Protected mode enable places the 80C286 into protected mode and cannot be cleared 
except by RESET. 

1 

MP 

Monitor processor extension allows WAIT instructions to cause a processor extension 
not present exception (number 7) 


2 EM Emulate processor extension causes a processor extension not present exception 

(number 7) on ESC instructions to allow emulating a processor extension 


3 


TS 


Task switched indicates the next instruction using a processor extension will cause 
exception 7, allowing software to test whether the current processor extension context 
belongs to the current task. 
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TABLE 8. RECOMMENDED MSW ENCODINGS FOR PROCESSOR EXTENSION CONTROL 



RECOMMENDED USE 

INSTRUCTIONS 
CAUSING 
EXCEPTION 7 

Initial encoding after RESET 80C286 operation is identical to 
80C86/88 

None 

No processor extension is available Software will emulate its 
function 

ESC 

No processor extension is available Software will emulate its 
function The current processor extension context may belong to 
another task 

ESC 

A processor extension exists 

None 

A processor extension exists The current processor extension 
context may belong to another task Theexception7on WAIT allows 
software to test for an error pending from a previous processor 
extension operation 

ESC or WAIT 


processor extension interface After RESET, this register 
contains FFFO(H) which places the 80C286 in 80C286 real 
address mode 

The LMSW and SMSW instructions can load and storethe 
MSW in real address mode The recommended use of TS, 
EM, and MP is shown in Table 8. 


80C286 Rea! Address Mode 

The 80C286 executes a fully upward-compatible superset 
of the 80C86 instruction set in real address mode. In real 
address mode the 80C286 is object code compatible with 
80C86 and 80C88 software. The real address mode 
architecture (registers and addressing modes) is exactly 
as described in the 80C286 Base Architecture section of 
this Functional Description. 

Memory Size 

Physical memory is a contiguous array of up to 1,048,576 
byte s (on e megabyte) addressed by pins Aq through A-jg 
and BHE A 20 through A 23 should be ignored. 

Memory Addressing 

In real address mode physical memory is a contiguous 
array of up to 1,048,576 byte s (on e megabyte) addressed 
by pm Aq through A-jg and BHE. Address bits A 20 -A 23 
may not always be zero in real mode. A 20 -A 23 should not 
be used by the system while the 80C286 is operating in 
Real Mode. 

The selector portion of a pointer is interpreted as the 
upper 16-bits of a 20-bit segment address. The lower four 
bits of the 20-bit segment address are always zero. 
Segment addresses, therefore, begin on multiples of 16 
bytes See Figure 7 for a graphic representation of 
address information. 

All segments in real address mode are 64K bytes in size 
and may be read, written, or executed. An exception or in¬ 
terrupt can occur if data operands or instructions attempt 


The HLT instruction stops program execution and 
prevents the CPU from using the local bus until restarted. 
Either NMI, INTR with IF = 1, or RESET will force the 
80C286 out of halt. If interrupted, the saved CS:IP will 
point to the next instruction after the HLT. 


to wrap around the end of a segment (e.g. a word with its 
low order byte at offset FFFF(H) and its high order byte at 
offset 0000(H). If, in real address mode, the information 
contained in a segment does not use the full 64K bytes, 
the unused end of the segment may be overlayed by 
another segment to reduce physical memory require¬ 
ments. 


OFFSET 

ADDRESS 


SEGMENT 

ADDRESS 



20-BIT PHYSICAL 
MEMORY ADDRESS 


FIGURE 7. 80C286 REAL ADDRESS MODE ADDRESS 
CALCULATION 
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TABLE 9. REAL ADDRESS MODE ADDRESSING INTERRUPTS 



INTERRUPT 

RELATED 

RETURN ADDRESS 

FUNCTION 

NUMBER 

INSTRUCTIONS 

BEFORE INSTRUCTION 

Interrupt table limit too small exception 

8 

INT vector is not within table limit 

Yes 

Processor extension segment overrun 

9 

ESC with memory operand extending 

No 

interrupt 


beyond offset FFFF(H) 


Segment overrun exception 

13 

Word memory reference with offset = 
FFFF(H) or an attempt to execute past 
the end of a segment 

Yes 


Reserved Memory Locations 


The 80C286 reserves two fixed areas of memory in real ad¬ 
dress mode (see Figure 8), system initialization area and 
interrupt table area. Locations from addresses FFFFO(H) 
through FFFFF(H) are reserved for system initialization. 
Initial execution begins at location FFFFO(H) Locations 
00000(H) through 003FF(H) are reserved for interrupt 
vectors. 


RESET BOOTSTRAP 
PROGRAM JUMP 


INTERRUPT POINTER 
FOR VECTOR 255 


INTERRUPT POINTER 
FOR VECTOR 1 


INTERRUPT POINTER 
FOR VECTOR 0 


FFFFFH 

FFFFOH 


3FFH 


3FCH 


7H 

4H 

3H 

OH 


INITIAL CS:IP VALUE IS FOOOtFFFO. 


PUSH, POP, PUSHA, or POPA). Refer to the next section 
on protected mode initialization for a discussion on 
exception 8. 

Protected Mode Initialization 

To prepare the 80C286 for protected mode, the LIDT 
instruction is used to load the 24-bit interrupt table base 
and 16-bit limit for the protected mode interrupt table. 
This instruction can also set a base and limit for the 
interrupt vector table in real address mode. After reset, the 
interrupt table base is initialized to 000000(H) and its size 
set to 03FF(H). These values are compatible with 80C86 
and 80C88 software. LIDT should only be executed in 
preparation for protected mode. 

Shutdown 

Shutdown occurs when a severe error is detected that 
prevents further instruction processing by the CPU. 
Shutdown and halt are externally signalled via a halt bus 
operation. They can be distinguished by A-] HIGH for halt 
and A-i LOW for shutdown. In real address mode, 
shutdown can occur under two conditions: 


FIGURE 8. 80C286 REAL ADDRESS MODE INITIALLY 
RESERVED MEMORY LOCATIONS 

Interrupts 


• Exceptions 8 or 13 happen and the IDT limit does not 
include the interrupt vector. 

• A CALL INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 


Table 9 shows the interrupt vectors reserved for excep¬ 
tions and interrupts which indicate an addressing error. 
The exceptions leave the CPU in the state existing before 
attempting to execute the failing instruction (except for 


An NMI input can bring the CPU out of shutdown if the 
IDT limit is at least OOOF(H) and SP is greater than 
0005(H), otherwise shutdown can only be exited via the 
RESET input. 


Protected Virtual Address Mode 

The 80C286 executes a fully upward-compatible superset 
of the 80C86 instruction set in protected virtual address 
mode (protected mode). Protected mode also provides 
memory management and protection mechanisms and 
associated instructions. 

The 80C286 enters protected virtual address mode from 
real address mode by setting the PE (Protection Enable) 
bit of the machine status word with the Load Machine 
Status Word (LMSW) instruction. Protected mode offers 


extended physical and virtual memory address space, 
memory protection mechanisms, and new operations to 
support operating systems and virtual memory. 

All registers, instructions, and addressing modes de¬ 
scribed in the 80C286 Base Architecture section of this 
Functional Description remain the same. Programs for 
the 80C86, 80C88, and real address mode 80C286 can be 
run in protected mode; however, embedded constants for 
segment selectors are different. 
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Memory Size 

The protected mode 80C286 provides a 1 gigabyte virtual 
address space per task mapped into a 16 megabyte 
physical address space defined by the address pins 
A 23 -A 0 and BHE The virtual address space may be larger 
than the physical address space since any use of an 
address that does not map to a physical memory location 
will cause a restartable exception 

CPU 



FIGURE 9. PROTECTED MODE MEMORY ADDRESSING 


are automatically referenced by the CPU whenever a 
segment register is loaded with a selector. All 80C286 
instructions which load a segment register will reference 
the memory based tables without additional software. The 
memory based tables contain 8 byte values called 
descriptors 

Descriptors 

Descriptors define the use of memory. Special types of 
descriptors also define new functions for transfer of 
control and task switching. The 80C286 has segment 
descriptors for code, stack and data segments, and 
system control descriptors for special system data 
segments and control transfer operations. Descriptor 
accesses are performed as locked bus operations to 
assure descriptor integrity in multi-processor systems. 

Code and Data Segment Descriptors (S = 1) 

Besides segment base addresses, code and data descrip¬ 
tors contain other segment attributes including segment 
size (1 to 64K bytes), access rights (read only, read/write, 
execute only, and execute/read), and presence in 
memory (for virtual memory systems) (See Figure 10). 
Any segment usage violating a segment attribute 
indicated by the segment descriptor will prevent the 
memory cycle and cause an exception or interrupt. 


CODE OR DATA SEGMENT DESCRIPTOR 


Memory Addressing 

As in real address mode, protected mode uses 32-bit 
pointers, consisting of 16-bit selector and offset 
components The selector, however, specifies an index 
into a memory resident table rather than the upper 16-bits 
of a real memory address. The 24-bit base address of the 
desired segment is obtained from the tables in memory. 
The 16-bit offset is added to the segment base address to 
form the physical address as shown in Figure 9 The tables 


+7 


RESERVED* 

ACCESS 

RIGHTS BYTE 

P 

DPL 


TYPE 
_1_1 

A 

BASE 23-16 

+3 

BASE i5_o 

+1 

LIMIT 15.0 


15 




8 

7 0 


‘Must be set to 0 for compatability with future upgrades 


ACCESS RIGHTS BYTE DEFINITION 


Bit 

Position 

Name 


Function 


7 

6-5 

Present (P) 

Descriptor Privilege 
Level (DPL) 

P = 1 

P = 0 

Segment is mapped into physical memory 

No mapping to physical memory exits, base and limit are 
not used 

Segment privilege attribute used in privilege tests. 

4 

Segment Descrip¬ 
tor (S) 

S = 1 

S = 0 

Code or Data (includes stacks) segment descriptor 
System Segment Descriptor or Gate Descriptor 


3 

Executable (E) 

E = 0 

Data segment descriptor type is 

If 

2 

Expansion Direc- 

ED 0 

Expand up segment, offsets must be ^ limit 

Data 


tion (ED) 

ED = 1 

Expand down segment, offsets must be > limit. 

Segment 

1 

Writeable (W) 

W = 0 

W = 1 

Data segment may not be written into 

Data segment may be written into. 

(S= 1. 

E = 0) 

3 

Executable (E) 

E = 1 

Code Segment Descriptor type is: 1 

If 

2 

Conforming (C) 

C = 1 

Code segment may only be executed 
when CPL ^ DPL and CPL 
remains unchanged. 

Code 

Segment 

1 

Readable (R) 

R =0 

R = 1 

Code segment may not be read 

Code segment may be read. 

(S= 1, 
E= 1) 

0 

Accessed (A) 

A = 0 

A = 1 

Segment has not been accessed. 

Segment selector has been loaded into segment register 
or used by selector test instructions. 


FIGURE 10. CODE AND DATA SEGMENT DESCRIPTOR FORMATS 
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Code and data (including stack data) are stored in two 
types of segments: code segments and data segments. 
Both types are identified and defined by segment 
descriptors (S = 1). Code segments are identified by the 
executable (E) bit set to 1 in the descriptor access rights 
byte. The access rights byte of both code and data 
segment descriptor types have three fields in common: 
present (P) bit, Descriptor Privilege Level (DPL), and 
accessed (A) bit. If P = 0, any attempted use of this 
segment will cause a not-present exception. DPL 
specifies the privilege level of the segment descriptor. 
DPL controls when the descriptor may be used by a task 
(refer to privilege discussion below). The A bit shows 
whether the segment has been previously accessed for 
usage profiling, a necessity for virtual memory systems. 
The CPU will always set this bit when accessing the 
descriptor. 

Data segments (S = 1, E = 0) may be either read-only or 
read-write as controlled by the W bit of the access rights 
byte. Read-only (W = 0) data segments may not be written 
into. Data segments may grow in two directions, as 
determined by the Expansion Direction (ED) bit: upwards 
(ED = 0) for data segments, and downwards (ED = 1) for a 
segment containing a stack. The limit field for a data 
segment descriptor Is interpreted differently depending 
on the ED bit (see Figure 10). 

A code segment (S = 1, E = 1) may be execute-only or 
execute/read as determined by the Readable (R) bit. Code 
segments may never be written into and execute-only 
code segments (R = 0) may not be read. A code segment 
may also have an attribute called conforming (C). A 
conforming code segment may be shared by programs 
that execute at different privilege levels. The DPL of a 
conforming code segment defines the range of privilege 
levels at which the segment may be executed (refer to 
privilege discussion below). The limit field identifies the 
last byte of a code segment. 

System Segment Descriptors (S = 0, Type = 1-3) 

In addition to code and data segment descriptors, the 
protected mode 80C286 defines System Segment 
Descriptors. These descriptors define special system data 
segments which contain a table of descriptors (Local 
Descriptor Table Descriptor) or segments which contain 
the execution state of a task (Task State Segment 
Descriptor). 

Figure 11 gives the formats for the special system data 
segment descriptors. The descriptors contain a 24-bit 
base address of the segment and a 16-bit limit. The access 
byte defines the type of descriptor, its state and privilege 
level. The descriptor contents are valid and the segment is 
in physical memory if P = 1. If P = 0, the segment Is not 
valid. The DPL field is only used in Task State Segment 
descriptors and indicates the privilege level at which the 
descriptor may be used (see Privilege). Since the Local 
Descriptor Table descriptor may only be used by a special 
privileged instruction, the DPL field is not used. Bit 4 of 
the access byte is 0 to indicate that it is a system control 
descriptor. The type field specifies the descriptor type as 
indicated in Figure 11. 


SYSTEM SEGMENT DESCRIPTOR 



15 8 7 0 

*Must be set to 0 for compatability with future upgrades 

SYSTEM SEGMENT DESCRIPTOR FIELDS 


Name 

Value 

Description 

TYPE 

1 

2 

3 

Available Task State Segment (TSS) 
Local Descriptor Table 

Busy Task State Segment (TSS) 

P 

0 

1 

Descriptor contents are not valid 
Descriptor contents are valid 

DPL 

0-3 

Descriptor Privilege Level 

BASE 

24-bit 

number 

Base Address of special system data 
segment in real memory 

LIMIT 

16-bit 

number 

Offset of last byte in segment 


FIGURE 11. SYSTEM SEGMENT DESCRIPTOR FORMAT 
Gate Descriptors (S = 0, Type = 4-7) 

Gates are used to control access to entry points within the 
target code segment. The gate descriptors are call gates, 
task gates, interrupt gates and trap gates. Gates provide a 
level of indirection between the source and destination of 
the control transfer. This indirection allows the CPU to 
automatically perform protection checks and control 
entry point of the destination. Call gates are used to 
change privilege levels (see Privilege), task gates are used 
to perform a task switch, and interrupt and trap gates are 
used to specify interrupt service routines. The interrupt 
gate disables interrupts (resets IF) while the trap gate 
does not. 

Figure 12 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to the 
descriptor of the target segment and the entry point 
offset. The destination selector in an interrupt gate, trap 
gate, and call gate must refer to a code segment 
descriptor. These gate descriptors contain the entry point 
to prevent a program from constructing and using an 
illegal entry point. Task gates may only refer to a task state 
segment. Since task gates invoke a task switch, the 
destination offset is not used in the task gate. 

Exception 13 is generated when the gate is used if a 
destination selector does not refer to the correct 
descriptor type. The word count field is used in the call 
gate descriptor to indicate the number of parameters 
(0-31 words) to be automatically copied from the caller’s 
stack to the stack of the called routine when a control 
transfer changes privilege levels. The word count field is 
not used by any other gate descriptor. 

The access byte format is the same for all descriptors. P = 
1 indicates that th gate contents are valid. P = 0 indicates 
the contents are not valid and causes exception 11 if 
referenced. DPL is the descriptor privilege level and 
specifies when this descriptor may be used by a task (refer 
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to privilege discussion below). Bit 4 must equal 0 to 
indicate a system control descriptor. The type field 
specifies the descriptor type as indicated in Figure 12. 


+6 


+4 

+2 

0 


‘Must be set to 0 for compatibility with future upgrades 


GATE DESCRIPTOR FIELDS 


Name 

Value 

Description 

TYPE 

4 

5 

6 

7 

-Call Gate 
-Task Gate 
-Interrupt Gate 
-Trap Gate 

P 

0 

1 

-Descriptor Contents are not 
valid 

-Descriptor Contents are 
valid 

DPL 

0-3 

Descriptor Privilege Level 

WORD 

COUNT 

0-31 

Number of words to copy 
from callers stack to ca'Ied 
procedures stack Only used 
with call gate 

DESTINATION 

SELECTOR 

16-bit 

selector 

Selector to the target code 
segment (Call, Interrupt or 

Trap Gate) 

Selector to the target task 
state segment (Task Gate) 

DESTINATION 

OFFSET 

16-bit 

offset 

Entry point within the target 
code segment 


+5 
+3 
+ 1 


GATE DESCRIPTOR 

0 7 


RESERVED* 

P 

DPL 

_ 

0 

TYPE 

_1_ 1 _L__ 

XXX 

_ 1 _ 1 _ 

WORD 

COUNT 4_o 

DESTINATION SELECTOR i 5 _o 

X X 

_ 1 _ 

DESTINATION OFFSET 15.0 


FIGURE 12. GATE DESCRIPTOR FORMAT 


Segment Descriptor Cache Registers 

A segment descriptor cache register is assigned to each 
of the four segment registers (CS, SS, DS, ES). Segment 
descriptors are automatically loaded (cached) into a 
segment descriptor cache register (Figure 13) whenever 
the associated segment register is loaded with a selector. 

PROGRAM VISIBLE 

SEGMENT SELECTORS 
CS 
DS 
SS 
ES 

IS 0 

SEGMENT REGISTERS 
(LOADED BY PROGRAM) 


PROGRAM INVISIBLE H 



FIGURE 13. DESCRIPTOR CACHE REGISTERS 


Only segment descriptors may be loaded into segment 
descriptor cache registers. Once loaded, all references to 
that segment of memory use the cached descriptor 
information instead of reaccessing the descriptor. The 
descriptor cache registers are not visible to programs. No 
instructions exist to store their contents. They only 
change when a segment register is loaded. 

Selector Fields 


A protected mode selector has three fields: descriptor 
entry index, local or global descriptor table indicator (Tl), 
and selector privilege (RPL) as shown in Figure 14. These 
fields select one of two memory based tables of 
descriptors, select the appropriate table entry and allow 
high-speed testing of the selector’s privilege attribute 
(refer to privilege discussion below). 



15 

8 7 2 1 0 

BITS 

NAME 

FUNCTION 

1-0 

REQUESTED 

PRIVILEGE 

LEVEL 

(RPL) 

INDICATES SELECTOR PRIVILEGE 

LEVEL DESIRED 

2 

TABLE 

INDICATOR 

(Tl) 

Tl = 0 USE GLOBAL DESCRIPTOR TABLE 
(GDT) 

Tl = 1 USE LOCAL DESCRIPTOR TABLE 
(LDT) 

15-3 

INDEX 

SELECT DESCRIPTOR ENTRY IN TABLE 


FIGURE 14. SELECTOR FIELDS 


Local and Global Descriptor Tables 


Two tables of descriptors, called descriptor tables, 
contain all descriptors accessible by a task at any given 
time A descriptor table is a linear array of up to 8192 
descriptors The upper 13 bits of the selector value are an 
index into a descriptor table. Each table has a 24-bit base 
register to locate the descriptor table in physical memory 
and a 16-bit limit register that confine descriptor access to 
the defined limits of the table as shown in Figure 15. A 
restartable exception (13) will occur if an attempt is made 
to reference a descriptor outside the table limits. 


MEMORY 



GOT 


CURRENT 

LOT 


FIGURE 15. LOCAL AND GLOBAL DESCRIPTOR TABLE 
DEFINITION 
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One table, called the Global Descriptor table (GDT), 
contains descriptors available to all tasks. The other table, 
called the Local Descriptor Table (LDT), contains 
descriptors that can be private to a task. Each task may 
have its own private LDT. The GDT may contain all 
descriptor types except interrupt and trap descriptors. 
The LDT may contain only segment, task gate, and call 
gate descriptors. A segment cannot be accessed by a task 
if its segment descriptor does not exist in either descriptor 
table at the time of access. 

The LGDT and LLDT instructions load the base and limit 
of the global and local descriptor tables. LGDT and LLDT 
are privileged, i.e. they may only be executed by trusted 
programs operating at level 0. The LGDT Instruction 
loads a six byte field containing the 16-bit table limit and 
24-bit physical base address of the Global Descriptor 
Table as shown in Figure 16. The LDT instruction loads a 
selector which refers to a Local Descriptor Table 
descriptor containing the base address and limit for an 
LDT, as shown in Figure 11. 


7_ 0 7 0 


RESERVED* 

BASE 23-16 

BASE 

15-0 

LIMIT i5_o 1 


15 8 7 0 


*Must be set to 0 for compatability with future upgrades 

FIGURE 16. GLOBAL DESCRIPTOR TABLE AND 

INTERRUPT DESCRIPTOR TABLE DATA TYPE 

Interrupt Descriptor Table 


within a task. Four-level privilege, as shown in Figure 18, 
Is an extension of the userssupervisor mode commonly 
found in minicomputers. The privilege levels are 
numbered 0 through 3. Level 0 is the most privileged level. 
Privilege levels provide protection within a task. (Tasks 
are isolated by providing private LDT’s for each task.) 
Operating system routines, interrupt handlers, and other 
system software can be included and protected within the 
virtual address space of each task using the four levels of 
privilege. Each task in the system has a separate stack for 
each of its privilege levels. 

Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be 
used. Task privilege affects the use of instructions and 
descriptors. Descriptor and selector privilege only affect 
access to the descriptor. 



NOTE PL becomes numerically lower as privilege level increases 


The protected mode 80C286 has a third descriptor table, 
called the Interrupt Descriptor Table (IDT) (see Figure 
17), used to define up to 256 interrupts. It may contain 
only task gates, interrupt gates and trap gates. The IDT 
(Interrupt Descriptor Table) has a 24-blt physical base 
and 16-bit limit register in the CPU. The priviledged LIDT 
instruction loads these registers with a six byte value of 
identical form to that of the LGDT instruction (see Figure 
16 and Protected Mode Initialization). 



INTERRUPT 

DESCRIPTOR 

TABLE 

(IDT) 



FIGURE 17. INTERRUPT DESCRIPTOR TABLE DEFINITION 


References to IDT entries are made via INT instructions, 
external interrupt vectors, or exceptions. The IDT must be 
at least 256 bytes in size to allocate space for all reserved 
interrupts. 

Privilege 

The 80C286 has a four-level hierarchical privilege system 
which controls the use of privileged instructions and 
access to descriptors (and their associated segments) 


FIGURE 18. HIERARCHICAL PRIVILEGE LEVELS 
Task Privilege 

A task always executes at one of the four privilege levels. 
The task privilege level at any specific instant is called the 
Current Privilege Level (CPL) and is defined by the lower 
two bits of the CS register. CPL cannot change during 
execution in a single code segment. A task’s CPL may 
only be changed by control transfers through gate 
descriptors to a new code segment (See Control 
Transfer). Tasks begin executing at the CPL value 
specified by the code segment selector within TSS when 
the task is initiated via a task switch operation (See Figure 
19). A task executing at Level 0 can access all data 
segments defined in the GDT and the task’s LDT and is 
considered the most trusted level. A task executing a 
Level 3 has the most restricted access to data and is 
considered the least trusted level. 

Descriptor Privilege 

Descriptor privilege is specified by the Descriptor 
Privilege Level (DPL) field of the descriptor access byte. 
DPL specifies the least trusted task privilege level (CPL) at 
which a task may access the descriptor. Descriptors with 
DPL = 0 are the most protected Only tasks executing at 
privilege level 0 (CPL = 0) may access them. Descriptors 
with DPL = 3 are the least protected (i.e. have the least 
restricted access) since tasks can access them when 
CPL = 0, 1, 2, or 3). This rule applies to all descriptors, 
except LDT descriptors. 
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TABLE 10. DESCRIPTOR TYPES USED FOR CONTROL TRANSFER 


CONTROL TRANSFER TYPES 

OPERATION TYPES 

DESCRIPTOR 

REFERENCED 

DESCRIPTOR 

TABLE 

Intersegment within the same privilege levels 

JMP, CALL, RET. IRET* 

Code Segment 

GDT/LDT 

Intersegment to the same or higher privilege 
level Interrupt within task may change CPL. 

CALL 

Call Gate 

GDT/LDT 

Interrupt Instruction, Exception 
External Interrupt 

Trap or Interrupt 

Gate 

IDT 

Intersegment to a lower privilege level 
(changes task CPL) 

RET, IRET* 

Code Segment 

GDT/LDT 

Task Switch 

CALL, JMP 

Task State Segment 

GDT 

CALL, JMP 

Task Gate 

GDT/LDT 

IRET** 

Interrupt Instruction, Exception 
External Interrupt 

Task Gate 

IDT 


*NT (Nested Task bit of flag word) = 0 **NT (Nested Task bit of flag word) = 1 


Selector Privilege 

Selector privilege is specified by the Requested Privilege 
Level (RPL) field in the least significant two bits of a 
selector. Selector RPL may establish a less trusted 
privilege level than the current privilege level for the use of 
a selector. This level is called the task’s effective privilege 
level (EPL). RPL can only reduce the scope of a task’s 
access to data with this selector. A task’s effective 
privilege is the numeric maximum of RPL and CPL. A 
selector with RPL = 0 imposes no additional restriction on 
its use while a selector with RPL = 3 can only refer to 
segments at privilege Level 3 regardless of the task’s CPL. 
RPL is generally used to verify that pointer parameters 
passed to a more trusted procedure are not allowed to use 
data at a more privileged level than the caller (refer to 
pointer testing instructions). 

Descriptor Access and Privilege Validation 

Determining the ability of a task to access a segment 
involves the type of segment to be accessed, the 
instruction used, the type of descriptor used and CPL, 
RPL, and DPL. The two basic types of segment accesses 
are control transfer (selectors loaded into CS) and data 
(selectors loaded into DS, ES or SS). 

Data Segment Access 

Instructions that load selectors into DS and ES must refer 
to a data segment descriptor or readable code segment 
descriptor. The CPL of the task and the RPL of the 
selector must be the same as or more privileged 
(numerically equal to or lower than) than the descriptor 
DPL. In general, a task can only access data segments at 
the same or less privileged levels than the CPL or RPL 
(whichever is numerically higher) to prevent a program 
from accessing data it cannot be trusted to use. 

An exception to the rule is a readable conforming code 
segment. This type of code segment can be read from any 
privilege level. 


If the privilege checks fail (e.g. DPL is numerically less 
than the maximum of CPL and RPL) or an incorrect type 
of descriptor is referenced (e.g. gate descriptor or 
execute only code segment) exception 13 occurs. If the 
segment is not present, exception 11 is generated. 

Instructions that load selectors into SS must refer to data 
segment descriptors for writable data segments. The 
descriptor privilege (DPL) and RPL must equal CPL. All 
other descriptor types or a privilege level violation will 
cause exception 13. A not present fault causes exception 
12. 

Control Transfer 

Four types of control transfer can occur when a selector is 
loaded into CS by a control transfer operation (see Table 
10). Each transfer type can only occur if the operation 
which loaded the selector references the correct 
descriptor type. Any violation of these descriptor usage 
rules (e.g. JMP through a call gate or RET to a Task State 
Segment) will cause exception 13 

The ability to reference a descriptor for control transfer is 
also subject to rules of privilege. A CALL or JUMP 
instruction may only reference a code segment descriptor 
with DPL equal to the task CPL or a conforming segment 
with DPL of equal or greater privilege than CPL. The RPL 
of the selector used to reference the code descriptor must 
have as much privilege as CPL. 

RET and IRET instructions may only reference code 
segment descriptors with descriptor privilege equal to or 
less privileged than the task CPL. The selector loaded into 
CS is the return address from the stack. After the return, 
the selector RPL is the task’s new CPL. If CPL changes, 
the old stack pointer is popped after the return address. 

When a JMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less 
privileged than the task’s CPL. Reference to a valid Task 
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state Segment descriptor causes a task switch (see Task 
Switch Operation). Reference to a Task State Segment 
descriptor at a more privileged level than the task’s GPL 
generates exception 13. 

When an instruction or interrupt references a gate 
descriptor, the gate DPL must have the same or less 
privilege than the task CPL. If DPL is at a more privileged 
level than CPL, exception 13 occurs If the destination 
selector contained in the gate references a code segment 
descriptor, the code segment descriptor DPL must be the 
same or more privileged than the task CPL. If not, 
Exception 13 Is issued. After the control transfer, the code 
segment descriptors DPL is the task’s new CPL. If the 
destination selector in the gate references a task state 
segment, a task switch is automatically performed (see 
Task Switch Cperation). 

The privilege rules on control transfer require: 

► JMP or CALL direct to a code segment (code segment 
descriptor) can only be a conforming segment with 
DPL of equal or greater privilege than CPL or a non- 
conforming segment at the same privilege level. 

► interrupts within the task, or calls that may change 
privilege levels, can only transfer control through a 
gate at the same or a less privileged level than CPL to a 
code segment at the same or more privileged level than 
CPL. 

► return instructions that don’t switch tasks can only 
return control to a code segment at the same or less 
privileged level. 

► task switch can be performed by a call, jump or 
interrupt which references either a task gate or task 
state segment at the same or less privileged level. 

Privilege Level Changes 

Any control transfer that changes CPL within the task, 
causes a change of stacks as part of the operation. Initial 
values of SS.SP for privilege levels 0, 1, and 2 are kept in 
the task state segment (refer to Task Switch Operation). 
During a JMP or CALL control transfer, the new stack 
pointer is loaded into the SS and SP registers and the 
previous stack pointer is pushed onto the new stack. 

When returning to the original privilege level, its stack is 
restored as part of the RET or I RET instruction operation. 
For subroutine calls that pass parameters on the stack 


TABLE 11. SEGMENT REGISTER LOAD CHECKS 



EXCEPTION 

ERROR DESCRIPTION 

NUMBER 

Descriptor table limit exceeded 

13 

Segment descriptor not-present 

11 or 12 

Privilege rules violated 

13 

Invalid descriptor/segment type segment 
register load- 

—Read only data segment load to SS 
—Special control descriptor load to DS, ES, SS 
—Execute only segment load to DS, ES, SS 
—Data segment load to CS 
—Read/Execute code segment load SS 

13 


and cross privilege levels, a fixed number of words, as 
specified in the gate, are copied from the previous stack to 
the current stack. The inter-segment RET instruction with 
a stack adjustment value will correctly restore the 
previous stack pointer upon return. 

Protection 

The 80C286 includes mechanisms to protect critical 
instructions that effect the CPU execution state (e g HLT) 
and code or data segments from improper usage. These 
protection mechanisms are grouped into three forms: 

► Restricted usage of segments (e.g. no write allowed to 
read-only data segments). Theonly segmentsavailable 
for use are defined by descriptors in the Local 
Descriptor Table (LDT) and Global Descriptor Table 
(GDT) 

► Restricted access to segments via the rules of privilege 
and descriptor usage. 

► Privileged instructions or operations that may only be 
executed at certain privilege levels as determined by 
the CPL and I/O Privilege Level (lOPL). The lOPL is 
defined by bits 14 and 13 of the flag word 

These checks are performed for all instructions and can 
be split into three categories: segment load checks (Table 
11), operand reference checks (Table 12), and privileged 
instruction checks (Table 13). Any violation of the rules 
shown will result in an exception A not-present exception 
related to the stack segment causes exception 12. 

The IRET and POPF instructions do not perform some of 
their defined functions if CPL is not of sufficient privilege 
(numerically small enough). Precisely these are: 

► The IF bit is not changed if CPL is greater than lOPL. 

► The lOPL field of the flag word is not changed if CPL is 
greater than 0. 

No exceptions or other indication are given when these 
conditions occur. 


TABLE 12. OPERAND REFERENCE CHECKS 



EXCEPTION 

ERROR DESCRIPTION 

NUMBER 

Write into code segment 

13 

Read from execute-only code segment 

13 

Write to read-only data segment 

13 

Segment limit exceeded (Notel) 

12 or 13 


NOTE 1 Carry out in offset calculations is ignored 


TABLE 13. PRIVILEGED INSTRUCTION CHECKS 



CPT > lOPL when executing the following 
instructions 

INS, IN, OUTS, OUT, STI, CLI, LOCK 


13 
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TABLE 14. PROTECTED MODE EXCEPTIONS 




RETURN ADDRESS 



INTERRUPT 


AT FALLING 

ALWAYS 

ERROR CODE 

VECTOR 

FUNCTION 

INSTRUCTION? 

RESTARTABLE? 

ON STACK? 

8 

Double exception detected 

Yes 

No (Note 2) 

Yes 

9 

Processor extension segment overrun 

No 

No (Note 2) 

No 

10 

Invalid task state segment 

Yes 

Yes 

Yes 

11 

Segment not present 

Yes 

Yes 

Yes 

12 

Stack segment overrun or stack segment not present 

Yes 

Yes (Note 1) 

Yes 

13 

General protection 

Yes 

No (Note 2) 

Yes 


NOTES 1 When aPUSHAor POPA instruction attempts to wraparoundthestacksegment.themachinestateaftertheexceptionwillnotberestartable 
because stack segment wrap around is not permitted This condition is identified by the value of the saved SP being either 0000(H), 0001(H), 
FFFE(H), or FFFF(H) 

2 These exceptions indicate a violation to privilege rules or usage rules has occurred Restart is generally not attempted under those 
conditions 


Exceptions 

The 80C286 detects several types of exceptions and 
interrupts in protected mode (see Table 14). Most are 
restartable after the exceptional condition is removed. 
Interrupt handlers for most exceptions can read an error 
code, pushed on the stack after the return address, that 
identifies the selector involved (0 if none). The return 
address normally points to the failing instruction, 
including all leading prefixes. For a processor extension 
segment overrun exception, the return address will not 
point at the ESC instruction that caused the exception; 
however, the processor extension registers may contain 
the address of the failing instruction. 

These exceptions indicate a violation to privilege rules or 
usage rules has occurred. Restart is generally not 
attempted under those conditions. 

All these checks are performed for all instructions and can 
be split into three categories: segment load checks (Table 
11), operand reference checks (Table 12), and privileged 
instruction checks (Table 13) Any violation of the rules 
shown will result in an exception. A not-presentexception 
causes exception 11 or 12 and is restartable. 

Special Operations 
Task Switch Operation 

The 80C286 provides a built-in task switch operation 
which saves the entire 80C286 execution state (registers, 
address space, and a link to the previous task), loads a 
new execution state, and commences execution in the 
new task. Like gates, the task switch operation is Invoked 
by executing an inter-segment JMP or CALL instruction 
which refers to a Task State Segment (TSS) or task gate 
descriptor in the GDT or LDT. An INT instruction, 
exception, or external interrupt may also invoke the task 
switch operation by selecting a task gate descriptor in the 
associated IDT descriptor entry. 

The TSS descriptor points at a segment (see Figure 19) 
containing the entire 80C286 execution state while a task 
gate descriptor contains a TSS selector. The limit field of 
the descriptor must be greater than 002B(H). 

Each task must have a TSS associated with it. The current 
TSS is identified by a special register in the 80C286 called 


the Task Register (TR). This register contains a selector 
referring to the task state segment descriptor that defines 
the current TSS. A hidden base and limit register 
associated with TR are loaded whenever TR is loaded with 
a new selector. The I RET instruction is used to return 
control to the task that called the current task or was 
interrupted. Bit 14 in the flag register is called the Nested 
Task (NT) bit. It controls the function of the IRET 
instruction. If NT = 0, the IRET instruction performs the 
regular current task by popping values off the stack; when 
NT = 1, IRET performs a task switch operation back to the 
previous task. 

When a CALL, JMP, or INT instruction initiates a task 
switch, the old (except for case of JMP) and new TSS will 
be marked busy and the back link field of the new TSS set 
to the old TSS selector. The NT bit of the new task is set by 
CALL or INT initiated task switches. An Interrupt that 
does not cause a task switch will clear NT. NT may also be 
set or cleared by POPF or IRET instructions. 

The task state segment is marked busy by changing the 
descriptor type field from Type 1 to Type 3. Use of a 
selector that references a busy task state segment causes 
Exception 13. 

Processor Extension Context Switching 

The context of a processor extension is not changed by 
the task switch operation. A processor extension context 
need only be changed when a different task attempts to 
use the processor extension (which still contains the con¬ 
text of a previous task). The 80C286 detects the first use of 
a processor extension after a task switch by causing the 
processor extension not present exception (7). The Inter¬ 
rupt handler may then decide whether a context change Is 
necessary. 

Whenever the 80C286 switches tasks, it sets the Task 
Switched (TS) bit of the MSW. TS indicates that a proces¬ 
sor extension context may belong to a different task than 
the current one. The processor extension not present ex¬ 
ception (7) will occur when attempting to execute an ESC 
or WAIT Instruction if TS = 1 and a processor extension is 
present (MP = 1 in MSW). 
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TASK LOT SELECTOR 
DS SELECTOR 
SS SELECTOR 
CS SELECTOR 
ES SELECTOR 


TYPE DESCRIPTION 


AN AVAILABLE TASK STATE 
SEGMENT MAY BE USED AS 
THE DESTINATION OF A TASK 
SWITCH OPERATION 

A BUSY TASK STATE SEGMENT 
CANNOT BE USED AS THE 
DESTINATION OF A TASK 
SWITCH 


P DESCRIPTION _ 

1 BASE AND LIMIT FIELDS ARE VALID 
O SEGMENT IS NOT PRESENT IN 

MEMORY, BASE AND LIMIT ARE NOT 
DEFINED_ 


28 I CURRENT 
4 ) TASK 

26 f STATE 


FLAG WORD 
IP (ENTRY POINT) 

SS FOR CPL 2 
SP FOR CPL 2 
SS FOR CPL 1 
SP FOR CPL 1 
SS FOR CPL 0 
SP FOR CPL 0 

BACK LINK SELECTOR TO TSS 


INITIAL 
I STACKS 
FOR CPL 0,1,2 


FIGURE 19. TASK STATE SEGMENT AND TSS REGISTERS 


Pointer Testing Instructions 

The 80C286 provides several Instructions to speed 
pointer testing and consistency checks for maintaining 
system integrity (see Table 15). These instructions 
use the memory management hardware to verify that a 


selector value refers to an appropriate segment without 
risking an exception. A condition flag (ZF) indicates 
whether use of the selector or segment will cause an 
exception. 


TABLE 15. 80C286 POINTER TEST INSTRUCTIONS 


INSTRUCTION 

OPERANDS 

FUNCTION 

ARPL 

Selector, 

Register 

Adjust Requested Privilege Level: adjusts the RPL of the selector to the numeric maximum 
of current selector RPL value and the RPL value in the register. Set zero flag if selector RPL 
was changed by ARPL. 

VERR 

Selector 

VERify for Read: sets the zero flag if the segment referred to by the selector can be read 

VERW 

Selector 

VERify for Write: sets the zero flag if the segment referred to by the selector can be written. 

LSL 

Register, 

Selector 

Load Segment Limit: reads the segment limit into the register if privilege rules and descrip¬ 
tor type allow. Set zero flag if successful 

LAR 

Register, 

Selector 

Load Access Rights, reads the descriptor access rights byte into the register if privilege 
rules allow. Set zero flag if successful 
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Double Fault and Shutdown 

If two separate exceptions are detected during a single 
instruction execution, the 80C286 performs the double 
fault exception (8). If an exception occurs during 
processing of the double fault exception, the 80C286 will 
enter shutdown. During shutdown no further instructions 
or exceptions are processed. Either NMI (CPU remains in 
protected mode) or RESET (CPU exits protected mode) 
can force the 80C286 out of shutdown. Shutdown is 
externally signalled via a HALT bus operation with A-| 
LOW. 

Protected Mode Initialization 

The 80C286 initially executes in real address mode after 
RESET To allow initialization code to be placed atthetop 
of physical memory, A23-20 will be HIGH when the 
80C286 performs memory references relative to the CS 
register until CS is changed. A23-20 will be zero for refer¬ 
ences to the DS, ES, or SS segments. Changing CS in real 
address mode will force A23-20 LOW whenever CS is 


System Interface 

The 80C286 system interface appears in two forms, a local 
bus and a system bus. The local bus consists of address, 
data, status, and control signals at the pins of the CPU. A 
system bus is any buffered version of the local bus. A 
system bus may also differ from the local bus in terms of 
coding of status and control lines and/or timing and 
loading of signals 

Bus Interface Signals and Timing 

The 80C286 microsystems local bus interfaces the 
80C286 to local memory and I/O components. The inter¬ 
face has 24 address lines, 16 data lines, and 8 status and 
control signals. 

The 80C286 CPU, 82C284 clock generator, 82C288 bus 
controller, 82289 bus arbiter, 82C86H/87H tranceivers, 
and 82C82/83H latches provide a buffered and decoded 
system bus interface. T he 82C2 84 generates the system 
clock and synchronizes READY and RESET. The 82C288 
converts bus operation status encoded by the80C286 into 
command and bus control signals. The 82289 bus arbiter 



used again. The initial CS.IP value of F000:FFF0 provides 
64K bytes of code space for initialization code without 
changing CS. 

Protected mode operation requires several registers to be 
initialized. The GDT and IDT base registers must refer to a 
valid GDT and IDT. After executing the LMSW instruction 
to set PE, the 80C286 must immediately execute an intra¬ 
segment JMP instruction to clear the instruction queue of 
instructions decoded in real address mode. 

To force the 80C286 CPU registers to match the initial 
protected mode state assumed by software, execute a 
JMP instruction with a selector referring to the initial TSS 
used in the system. This will load the task register, local 
descriptor table register, segment registers and initial 
general register state. The TR should point at a valid TSS 
since any task switch operation involves saving the 
current task state. 


generates Multibus^" bus arbitration signals. These com¬ 
ponents can provide the critical timing required for most 
system bus interfaces including the Multibus. 

Bus Hold Circuitry 

To avoid high current conditions caused by floating 
inputs to CMOS devices, and to eliminate the need for 
pull-up/down resistors, “bus-hold” circuitry has been 
used on the 80C286 pins 4-6, 36-51 and 66-68 (See Figure 
20A and 20B). The circuit shown in Figure 20A will 
maintain the last valid logic state if no driving source is 
present (i.e. an unconnected pin ora driving source which 
goes to a high impedance state). The circuit shown in 
Figure 20B will maintain a high impedance logic one state 
If no driving source is present. To overdrive the 
“bus-hold” circuits, an external driver must be capable of 
sinking or sourcing approximately 400 microamps at valid 
input voltage levels. Since this “bus-hold” circuitry is 
active and not a “resistive” type element, the associated 
power supply current is negligible, and power dissipation 
is significantly reduced when compared to the use of 
passive pull-up resistors. 



FIGURE 20B. BUS HOLD CIRCUITRY — PINS 4-6, 68 



Multibus'" IS a Registered Trademark of Intel 
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Physical Memory and I/O Interface 

A maximum of 16 megabytes of physical memory can be 
addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible as 
bytes or words. Words consist of any two consecutive 
bytes addressed with the least significant byte stored in 
the lowest address. Byte transfers occur on either half of 
the 16-bit local data bus. Even bytes are accessed over 
Dy-o while odd bytes are transferred over D15.8. Even 
addressed words are transferred over D-15-0 in one bus 
cycle, while odd addressed word require two bus 
operations. The first transfers data on D15-8. and the 
second transfers data on Dy-o- Both byte data transfers 
occur automatically, transparent to software. 

Two bus signals, Aq and BHE, control transfers over the 
lower and upper halves of the data bus. E ven a ddress byte 
transfers are indicated by Aq LOW and BHE HIGH. Odd 
address byte transf ers ar e indicated by Aq HIGH and BHE 
LOW. Both Aq and BHE are LOW for even address word 
transfers. 

The I/O address space contains 64K addresses In both 
modes. The I/O space is accessible as either bytes or 
words, as is memory. Byte wide peripheral devices may be 
attached to either the upper or lower byte of the data bus. 
Byte-wide I/O devices attached to the upper data byte 
(D15-8) are accessed with odd I/O addresses. Devices on 
the lower data byte are accessed with even I/O addresses. 
An interrupt controller such as Harris’s 82C59A must be 
connected to the lower data byte (Dy_o) for proper return 
of the interrupt vector. 

Bus Operation 

The 800286 uses a double frequency system clock (CLK 
Input) to control bus timing. All signals on the local bus 
are measured relative to the system CLK Input. The CPU 
divides the system clock dy 2 to produce the internal 
processor clock, which determines bus state. Each 
processor clock is composed of two system clock cycles 
named phase 1 and phase 2. The 82C284 clock generator 
output (POLK) identifies the next phase of the processor 
clock. (See Figure 21.) 

^ -ONE PROCESSOR CLOCK CYCLE-► 

-ONE BUS T STATE-► 

PHASE 1 , PHASE 2 

—OF PROCESSOR— OF PROCESSOR—► 

CLOCK CYCLE I CLOCK CYCLE 



The 80C286 bus has three basic states: idle (T|), send 
status (Ts), and perform command (Tq). The 80C286 
CPU also has a fourth local bus state called hold (Th).Th 
indicates that the 80C286 has surrendered control of the 
local bus to another bus master in response to a HOLD 
request. 

Each bus state is one processor clock long. Figure 22 
shows the four 80C286 local bus states and allowed 
transitions. 


RESET 



Bus States 

The idle (T|) state indicates that no data transfers are in 
progress or requested. The first active state Ts is signaled 
by status line S-| or ^ going LOW and identifying phase 1 
of the processor clock. During Ts, the command 
encoding, the address, and data (for a write operation) are 
available on the 800286 output pins. The 82C288 bus 
controller decodes the status signals and generates 
Multibus compatible read/write command and local 
transceiver control signals. 

After Ts, the perform command (Tq) state is entered. 
Memory or I/O devices respond to the bus operation 
during Tq, either transferring read data to the CPU or 
accepting write data. Tq states may be repeated as often 
as necessary to ensure suffici ent time for the memory or 
I/O device to respond. The READY signal determines 
whether Tq is repeated. A repeated Tq state is called a 
wait state. 

During hold (Th), the 80C286 will float all address, data, 
and status output drivers enabling another bus master to 
use the local bus. The 80C286 HOLD input signal Is used 
to place the 80C286 into the Th state. The 80C286 HLDA 
output signal indicates that the CPU has entered Th- 


FIGURE 21. SYSTEM AND PROCESSOR CLOCK 
RELATIONSHIPS 

Six types of bus operations are supported: memory read, 
memory write, I/O read, I/O write, interrupt acknowledge, 
and halt/shutdown. Data can be transferred at a maximum 
rate of one word per two processor clock cycles. 


Pipelined Addressing 

The 80C286 uses a local bus interface with pipelined 
timing to allow as much time as possible for data access. 
Pipelined timing allows a new bus operation to be initiated 
every two processor cycles, while allowing each 
individual bus operation to last for three processor cycles. 
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Pipeling valid address (N + 1) available in last phase of bus cycle (N) 

FIGURE 23. BASIC BUS CYCLE 


The timing of the address outputs is pipelined such that 
the address of the next bus operation becomes available 
during the current bus operation. Or, in other words, the 
first clock of the next bus operation is overlapped with the 
last clock of the current bus operation. Therefore, address 
decode and routing logic can operate in advance of the 
next bus operation. 

External address latches may hold the address stable for 
the entire bus operation, and provide additional AC and 
DC buffering. 

The 80C286 does not maintain the address of the current 
bus operation during all Tq states. Instead, the address 
for the next bus operation may be emitted during phase 2 
of any Tq. The address remains valid during phase 1 of 
the first Tc to guarantee hold time, relative to ALE, for the 
address latch inputs. 

Bus Control Signals 

The 82C288 bus controller provides control signals; 
address latch enable (ALE), Read/Write commands, data 
transmit/receive (DT/R), and data enable (DEN) that 
control the address latches, data transceivers, write 
enable, and output enable for memory and I/O systems. 

The Address Latch Enable (ALE) output determines when 
the address may be latched. ALE provides at least one 
system CLK period of address hoid time from the end of 
the previous bus operation until the address for the next 
bus operation appears at the latch outputs. This address 
hold time is required to support Multibus and common 
memory systems. 

The data bus transceivers are controlled by 82C288 
outpiJts Data Enable (DEN) and Data Transmit/Receive 
(DT/R). DEN enables the data transceivers, while DT/R 
controls tranceiver direction. DEN and DT/R are timed to 
prevent bus contention between the bus master, data bus 
transceivers, and system data bus transceivers 


Command Timing Controis 

Two system timing customization options, command 
extension and command delay, are provided on the 
80C286 local bus. 

Command extension allows additional time for external 
devices to respond to a command and is analogous to 
inserting wait states on the 80C86. External logic can 
control the duration of any bus operation such tha t the 
operation is only as long as necessary The READY input 
signal can extend any bus operation for as long as 
necessary. 

Command delay allows an increase of address or write 
data setup time to system bus command active for any bus 
operation by delaying when the system bus command 
becomes active. Command delay is controlled by the 
82C288 CMDLY input. After Ts, the bus controller 
samples CMDLY at each failing edge of CLK. If CMDLY is 
HIGH, the 82C288 will not activate the command signal. 
When CMDLY is LOW, the 82C288 will activate the 
command signal. After the command becomes active, the 
CMDLY input is not sampled. 

When a command is delayed, the available response time 
from command active to return read data or accept write 
data is less. To customize system bus timing, an address 
decoder can determine which bus operations require 
delaying the command. The CMDLY input does not affect 
the timing of ALE, DEN or DT/R. 

Figure 24 illustrates four uses of CMDLY. Example 1 
shows delaying the read command two system CLKs for 
cycle N-1 and no delay for cycle N, and example 2 shows 
delaying the read command one system CLK for cycle N-1 
and one system CLK delay for cycle N. 

Bus Cycle Termination 

At maximum transfer rates, the 80C286 bus alternates 
between the status and command states. The bus status 
signals become inactive after Ts so that they may cor- 
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rectly signal the start of the next bus operation after the 
completion of the current cycle. No external indication of 
Tc exists on the 80C286 local bus. The bus master and 
bus controller enter Tq directly after Ts and continue 
executing Tn cycles until terminated by the assertion of 
READY. 

READY Operation 

The current bus master and 82C288 bus controller 
terminate each bus operation simultaneously to achieve 
maximum bus operation bandwidth. Both are informed in 
advance by READY active (open-collector output from 
82C284) which identifies the last Tq cycle of the current 
bus operation. The bus master and bus controller must 
see the same s ense of the READY signal, thereby 
requiring READY to be synchronous to the system clock. 

Synchronous Ready 

The 82C284 clock generator provides READYsynchroni¬ 
zation from both synchronous and asynchronou s sourc es 
(see Figure 25). The synchronous ready Input (SRDY) of 
the clock generator is sampled with the falling edge of 
CLKat the end of phasel of each Tq. The state of SRDY is 
the n broadc ast to the bus master and bus controller via 
the READY output line. 


Asynchronous Ready 

Many systems have devices or subsystems that are 
asynchronous to the system clock. As a result, their ready 
outputs cannot be guaranteed to meet the 82C284 SRDY 
setup and hold time requ ireme nts. But the 82C284 
asynchronous rea dy inp ut (ARDY) is designed to accept 
such signals. The ARDY input is sampled at the beginning 
of each Tq cycle by 82C284 synchronization logic. This 
provides one system CLK cycle time to resolve its value 
before broadcasting it to the bus master and bus 
controller. 

ARDY or ARDYEN must be HIGH at the end of Ts- ARDY 
cannot be used to terminate the bus cycle with no wait 
states. 

Each read y in put of th e 82C284 has an enable pin 
(SRDYEN and ARDYEN) to select whether the current 
bus operation will be terminated by the synchronous or 
asynchronous ready. Either of the ready inputs may 
terminate a bus operation. These enable inputs are activq 
low and have the same timing as their respective ready 
inputs. Address decode logic usually selects wh ether t he 
current bus operation should be terminated by ARDY or 
SRDY. 
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Data Bus Control 

Figures 26, 27, and 28 show how the DT/R, DEN, data bus, 
and address signals operate for different combinations of 
read, write, and idle bus operatjons. DT/R goes active 
(LOW) for a read operation. DT/R remains HIGH before, 
during, and between write operations. 

The data bus is driven with write data during the second 
phase of Ts- The delay in write datatiming allowsthe read 
data drivers, from a previous read cycle, sufficient time to 
enter three-state OFF before the 800286 CPU begins driv¬ 
ing the local data bus for write operations Write data will 
always remain valid for one system clock past the last Tq 
to provide sufficient hold time for Multibus or other similar 
memory or I/O systems. During write-read or write-idle 
sequences the data bus enters a high impedance state 
during the second phase of the processor cycle after the 
last Tq. In a write-write sequence the data bus does not 
enter a high impedance state between Tq and Ts- 

Bus Usage 

The 800286 local bus may be used for several functions: 
instruction data transfers, data transfers by other bus 
masters, instruction fetching, processor extension data 
transfers, interrupt acknowledge, and halt/shutdown 
This section describes local bus activities which have 
special signals or requirements Note that I/O transfers 
take place in exactly the same manner as memory 
transfers (i.e. to the 80C286 the timing, etc. of an I/O 
transfer is identical to a memory transfer). 

HOLD and HLDA 

HOLD and HLDA allow another bus master to gain control 
of the local bus by placing the 80C286 bus into the Th 
state. The sequence of events required to pass control 
between the 800286 and another local bus master are 
shown in Figure 29. 

In this example, the 80C286 is initially in the Th state as 
signaled by HLDA being active. Upon leaving Th, as 
signaled by HLDA going inactive, a write operation is 
started. During the write operation another local bus 
master requests the local bus from the 800286 as shown 
by the HOLD signal. After completing the write operation, 
the 800286 performs one T| bus cycle, to guarantee write 
data hold time, then enters Th as signaled by HLDA going 
active. 


The CMDLY signal and ARDY ready are used to start and 
stop the write bus command, respectively. Note that 
SRDY mu st be inactive or disabled by SRDYEN to 
guarantee ARDY will terminate the cycle. 

HOLD must not be active during the time from the leading 
edge of RESET until 34 CLKs following the trailing edge of 
RESET unless the 800286 is in the Halt condition. To 
ensure that the 800286 remains in the Halt condition until 


the processor Reset operation is complete, no interrupts 
should occur after the execution of HLT until 34 CLKs 
after the trailing edge of the RESET pulse. 

LOCK 

The CPU asserts an active lock signal during Interrupt- 
Acknowledge cycles, the XCHG instruction, and during 
some descriptor accesses. Lock is also asserted when the 
LOCK prefix is used. The LOCK prefix may be used with 
the following ASM-286 assembly instructions; MOVS, INS 
and OUTS For bus cycles other than Interrupt- 
Acknowledge cycles. Lock will be active for the first and 
subsequent cycles of a series of cycles to be locked. Lock 
will not be shown active during the last cycle to be locked. 
For the next-to-last cycle, Lock will become inactive at the 
end of the first Tq regardless of the number of wait states 
inserted. For Interrupt-Acknowledge cycles. Lock will be 
active for each cycle, and will become inactive at the end 
of the first Tq for each cycle regardless of the number of 
wait-states inserted. 

Instruction Fetching 

The 80C286 Bus Unit (BU) will fetch instructions ahead of 
the current instruction being executed. This activity is 
called prefetching. It occurs when the local bus would 
otherwise be idle and obeys the following rules. 

A prefetch bus operation starts when at least two bytes of 
the 6-byte prefetch queue are empty. 

The prefetcher normally performs word prefetches 
independent of the byte alignment of the code segment 
base in physical memory. 

The prefetcher will perform only a byte code fetch 
operation for control transfers to an instruction beginning 
on a numerically odd physical address 

Prefetching stops whenever a control transfer or HLT 
instruction is decoded by the lU and placed into the 
instruction queue. 

In real address mode, the prefetcher may fetch up to 6 
bytes beyond the last control transfer or HLT instruction 
in a code segment. 

In protected mode, the prefetcher will never cause a 
segment overrun exception. The prefetcher stops at the 
last physical memory word of the code segment. 
Exception 13 will occur if the program attempts to execute 
beyond the last full instruction in the code segment. 

If the last byte of a code segment appears on an even 
physical memory address, the prefetcher will read the 
next physical byte of memory (perform a word code 
fetch). The value of this byte is ignored and any attempt to 
execute it causes exception 13. 
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NOTES: 

1. Status lines ^ held at a high impedance logic one by the 80C286 during a HOLD state. 

2. Address, M/IO and COD/INTA may start floating during any Tq depending on when internal 80C286 bus arbiter decides to release bus to external HOLD. 
The fl oat starts in 02 of 7 q . 

3. BHE and LOCK may start floating after the end of any 7 q depending on when internal 80C286 bus arbiter decides to release bus to external HOLD. The 
float starts in 0 I of T^. 

4. The minimum HOLD to HLDA time is shown. Maximum is one T^ longer. 

5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown. 

6. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other machine state (i.e.. Interrupts, Waits, 
Lock, etc.). 

7. AsynchrorK)us ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous ready state is ignored after 
ready is signaled via the asynchronous input. 


FIGURE 29. MULTIBUS WRITE TERMINATED BY ASYNCHRONOUS READY WITH BUS HOLD 
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80C286 


Processor Extension Transfers 


Local Bus Usage Priorities 


The processor extension interface uses I/O port 
addresses 00F8(H), and OOFC(H) which are part of the I/O 
port address range reserved by Harris. An ESC instruction 
with Machine Status Word bits EM = 0 and Ts = 0 will 
perform I/O bus operations to one or more of these I/O 
port addresses independent of the value of lOPL and CPL. 

ESC instructions with memory references enable the CPU 
to accept PEREQ inputs for processor extension operand 
transfers. The CPU will determine the operand starting 
address and read/write status of the instruction. For each 
operand transfer, two or three bus operations are per¬ 
formed, one word transfer with I/O port address OOFA(H) 
and one or two bus operations with memory. Three bus 
operations are required for each word operand aligned on 
an odd byte address. 

Interrupt Acknowledge Sequence 

Figure 30 illustrates an interrupt acknowledge sequence 
performed by the 800286 in response to an INTR input. 
An interrupt acknowledge sequence consists of two INTA 
bus operations. The first allows a master 82C59A Pro¬ 
grammable Interrupt Controller (PIC) to determine which 
if any of its slaves should return the interrupt vector. An 
eight bit vector is read on Dg-Dy of the 800286 during the 
second INTA bus operation to select an interrupt handler 
routine from the interrupt table. 

The Master Cascade Enable (MCE) signal of the 82C288 is 
used to enable the cascade address drivers during INTA 
bus operations (See Figure 30) onto the local adress bus 
for distribution to slave interrupt contro llers v ia the 
system address bus. The 80C286 emits the LOCK signal 
(active LOW) during Ts of the first INTA bus operation. A 
local bus “hold” request will not be honored until the end 
of the second INTA bus operation. 

Three idle processor clocks are provided by the 80C286 
between INTA bus operations to allow for the minimum 
INTA to INTA time and CAS (cascade address) out delay 
of the 82C59A. The second INTA bus operation must 
always hav e at leas t one extra Tq state added via logic 
controlling READY A 23 -A 0 are in three-state CFF until 
after the first Tq state of the second INTA bus operation. 
This prevents bus contention between the cascade 
address drivers and CPU address drivers. The extra Tq 
state allows time for the 80C286 to resume driving the 
address lines for subsequent bus operations. 


The 80C286 local bus is shared among several internal 
units and external HCLD requests. In case of simulta¬ 
neous requests, their relative priorities are: 

(Highest) Any transfers which assert LCCK either 

I explicitly (via the LCCK instruction prefix) or 
I implicitly (i.e. some segment descriptor 

I accesses, an interrupt acknowledge se- 
I quence, or an XCHG with memory). 

I 

I The second of the two byte bus operations 

I required for an odd aligned word operand. 

1 

1 The second or third cycle of a processor 
1 extension data transfer. 

I 

I Local bus request via HCLD input. 

I 

I Processor extension data operand transfer via 

I PEREQ input. 

I 

j Data transfer performed by EU as part of an 

I instruction. 

I 

(Lowest) An instruction prefetch request from BU. The 
EU will inhibit prefetching two processor 
clocks in advance of any data transfers to 
minimize waiting by the EU for a prefetch to 
finish. 

Halt or Shutdown Cycles 

The 80C286 externally indicates halt or shutdown 
conditions as a bus operation. These conditions occur 
due to a HLT instruction or multiple protection exceptions 
while attempting to execute one instruction^ A Jialt or 
shutd own bus operation is signalled when S-j, Sg, and 
CQD/INTA are LQW and M/IQ is HIGH. Ai HIGH 
indicates halt, and Ai LQW indicates shutdo wn. The 
82C288 bus controller does not issue ALE, nor is READY 
required to terminate a halt or shutdown bus operation. 

During halt or shutdown, the 80C286 may service PEREQ 
or HCLD requests. A processor extension segment 
overrun during shutdown will inhibit further service of 
PEREQ. Either NMI or RESET will force the 80C286 out of 
either halt or shutdown. An INTR, if interrupts are 
enabled, or a processor extension segment overrun 
exception will also force the 80C286 out of halt. 
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82C288 80C286 


80C286 



BUS CYCLE TYPE 
CLK 

§T • SO 

M/iO, COD/fNTA 

LOCK 

A23 - Ao 

BHi 

Di 5 - Do 

READY 




NOT READY READY NOT READY READY 



NOTES 

1 Data IS ignored 

2 First INTA cycle should have at least one wait state inserted to meet 82C59A minimum INTA pulse widt h _ 

3 Second INTA cycle must have at least one wait state inserted since the CPU will not drive A 23 -A 0 , BHE, and LOCK until after the first Tq state 
The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by MCE i and address outputs 
Without the wait state, the 80C286 address will not be valid for a memory cycle started immediately after the second INTA cycle. The 82C59A also 
requires one wait state for minimum INTA pulse width 

4 LOCK IS active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a multi-master system. LOCK is also active 
fcv the second INTA cycle 

5 A 23 -A 0 exits three-state OFF during <t>2 of the second Tq in the INTA cycle 


FIGURE 30. INTERRUPT ACKNOWLEDGE SEQUENCE 












80C286 


SYNC READY - 
ENABLE - 
ASYNC READY - 
ENABLE - 


X2 

X, 


SO 

sT 

PCLK 

EFI 

f/C 

READY 

CLK 

SRDY 

RESET 

SRDYEN 


ARDY 


STOVPJ 


82C284 

CLOCK 

GENERATOR 




AEN 

MRDC 

MB 

Mmt 

iTJR^ 

CMDLY 

iowc 

Tnta 


AL E 

sT 

MCE 

READY 

DEN 

CLK 

DT/R 

82C288 BUS 

CONTROLLER 

M/iO 


> MEMORY READ 
- MEMORY WRITE 

> I/OREAD 

> 1/D WRITE 

> INTERRUPT ACKNOWLEDGE 


- 1 1 

,_J 


RESET 

M/To 

CLK 

locT< 

cod/Tnta 

READY 

—Ao 

SO 

NMI 

BHi 

HOLD 

HLDA 

ERROR 

BUSY 

INTR 

PEACK 

PEREQ 

80C286 

CPU 

1 

- Do 1 


-►! DECODE h 

P _ J I (OPTIONAL) I 

I r-v^ I 

.. j I L-J 


-► ADVANCED MEMORY 
AND I O CHIP SELECTS 


PROCESSOR 

EXTENSION 

(OPTIONAL) 




82C82 
> or 82C83H 
LATCH 


Do - D7 

82C59A 

INTERRUPT 

CONTROLLER 


82C86H 
or 82C87H 
TRANS 
CEIVER 


FIGURE 31. BASIC 80C286 SYSTEM CONFIGURATION 


System Configurations 

The versatile bus structure of the 80C286 micro-system, 
with a full complement of support chips, allows flexible 
configuration of a wide range of systems. The basic 
configuration, shown m Figure 31, is similar to an 80C86 
maximum mode system. It includes the CPU plus an 
82C59A interrupt controller, 82C284 clock generator, and 
the 82C288 Bus Controller. The 80C86 latches (82C82 
and 82C83H) and transceivers (82C86H and 82C87H) 
may be used in an 80C286 microsystem. 

As indicated by the dashed lines in Figure31,theabilityto 
add processor extensions is an integral feature of 80C286 
based microsystems. The processor extension interface 
allows external hardware to perform special functions 
and transfer data concurrent with CPU execution of other 
instructions. Full system integrity is maintained because 
the 80C286 supervises all data transfers and instruction 
execution for the processor extension. 

An 80C286 system which includes the 80287 numeric 
processor extension (NPX) uses this interface. The 
80C286i/80287 system has all the instructions and data 
types of an 80C86 or 80C88 with 8087 numeric processor 
extension. The 80287 NPX can perform numeric calcula¬ 


tions and data transfers concurrently with CPU program 
execution. Numerics code and data have the same 
integrity as all other information protected by the 80C286 
protection mechanism. 

The 80C286 can overlap chip select decoding and 
address propagation during the data transfer for the 
previous bus operation. This information is latched into 
the 82C82/83H’s by ALE during the middle of a Ts cycle. 
The latched chip select and address information remains 
stable during the bus operation while the next cycle’s 
address is being decoded and propagated into the 
system. Decode logic can be implemented with a high 
speed PROM or PAL. 

The optional decode logic shown In Figure 31 takes 
advantage of the overlap between address and data of the 
80C286 bus cycle to generate advanced memory and I/O- 
select signals. This minimizes system performance 
degradation caused by address propagation and decode 
delays. In addition to selecting memory and I/O, the 
advanced selects may be used with configurations 
supporting local and system buses to enable the appro¬ 
priate bus interface for each bus cycle. The COD/INTA 
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80C286 



SYSB/RESB 

BCLK 

RESET 

INIT 

CBRQ 

B^ 

ALWAYS 

CBQtCK 

BPRQ 

so 

BPRR 

Si_ 

bDSy 

READY 

CBRQ 

CLK 

L5CR 

AEN 


82289 


1 BUS ARBITER | 


. MULTIBUS 
^ BUS ARBITRATION 


SYNC READY 
ENABLE 
ASYNC READY 
ENABLE 



X 2 

Xi 


50 

51 


REa6y 

PCLK 

CLK 

EFt 

F/tr 


SRDy 

STO? 

RESET 

82C284 

CLOCK 

GENERATOR 



r--1 I 



M/iC 

CLK 

lock 

Ready 

COD/INTA 

ST 

A 23 -Ao 

So 

NMI 

iHl 

HOLD 

HLDA 

CRR5r 

SD§Y 

INTR 

PEACK 

PEREQ 

80C286 

CPU 

1 Di5 

-Do I 


PROCESSOR 

EXTENSION 

(OPTIONAL) 


- 

- 


MEMORY READ 
MEMORY WRITE 
I/O READ 
I/O WRITE 

INTERRUPT ACKNOWLEDGE 


Do - D7 

82C5gA 

INTERRUPT 

CONTROLLER 


FIGURE 32. MULTIBUS SYSTEM BUS INTERFACE 


and M/IO signals are applied to the decode logic to 
distinguish between interrupt, I/O, code, and data bus 
cycles. 

By adding the 82289 bus arbiter chip the 80C286 provides 
a Multibus system bus Interface as shown in Figure 32. 
The ALE output of the 82C288 for the Multibus bus is 
connected to Its CMDLY input to delay the start of 
commands one system CLK as required to meet Multibus 


address and write data setup times. This arrangement will 
add at least one extra Tc state to each bus operation 
which uses the Multibus. 

A second 82C288 bus controller and additional latches 
and transceivers could be added to the local bus of Figure 
32. This configuration allows the 80C286 to support an 
on-board bus for local memory and peripherals, and the 
Multibus for system bus interfacing. 
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Specifications 80C286 


Absolute Maximum Ratings 


Supply Voltage.+8.0V 

Input, Output or I/O Voltage Applied ... GND - 1 .OV to VCC + 1 .OV 

Storage Temperature Range.-650C to +150^0 

Junction Temperature.+1750C 

Lead Temperature (Soldering, Ten Seconds).+300OC 


Reliability Information 

0jc .170C/W (PGA Package), 90C/W{PLCC Package) 

0ja .. 41OC/W (PGA Package), 330C/W (PLCC Package) 

Maximum Package Power Dissipation 


PLCC Package.2.2W 

PGA Package.1.22W 

Gate Count. 22,500 


CAUTION Stresses above those listed in the Absolute Maximum Ratings may cause permanent damage to the device. This is a stress only 
rating and operation of the device at these or any other conditions above those indicated in the operations sections of this specification is not implied 


Operating Conditions 

operating Voltage Range Operating Temperature Range 

(800286-10,-12).+4.5Vto+5.5V 1800286-10,-12,-16,-20 .-40OCto+85OC 

(80C286-16, -20, -25).+4.75V to +5.25V C80C286-12, -16, -20, -25 .O^C to +70^0 


D.C. Electrical Specifications Vcc = +5V ± io%, Ta = o^c to +7ooc (C80C286-i2) 

VcC = +5V ± 5%, Ta = QOC to +70OC (C80C286-16, -20, -25) 
Vcc = +5V ± 10%, Ta = -400C to +850C (180C286-10, -12) 
Vcc = +5V ± 5%, Ta = -40OC to +850C (I80C286-16, -20) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

V|L 

Input LOW Voltage 

-0.5 

0.8 

V 


VlH 

input HIGH Voltage 

2.0 

VCC+0.5 

V 


V|LC 

CLK Input LOW Voltage 

-0.5 

1.0 

V 


VlHC 

CLK Input HIGH Voltage 

3.6 

Vcc+0.5 

V 


VoL 

Output LOW Voltage 

- 

0.4 

V 

Iql = 2.0mA 

Vqh 

Output HIGH Voltage 

3.0 

- 

V 

Iqh = ■■2.0mA 



Vcc-0-4 

- 

V 

Iqh =-‘'ooijA 

l| 

Input Leakage Current 

-10 

10 

mA 

V|N = GND orVQc 

Pins 29,31,57, 59, 61,63-64 

'SH 

Input Sustaining Current on 

BUSY and ERROR Pins 

-30 

-500 

mA 

V|N = GND (See Note 5) 

•bhl 

Input Sustaining Current LOW 

38 

200 

mA 

V|N = 1.0V (See Notel) 

•bhh 

Input Sustaining Current HIGH 

-50 

-400 

mA 

V|N = 3.0V (See Note 2) 

'o 

Output Leakage Current 

-10 

10 

mA 

Vq = GND or Vqq 

Pins 1,7-8,10-28,32-34 

'CCOP 

Active Power Supply Current 

- 

185 

mA 

80C286-10(See Note 4) 



- 

220 

mA 

80C286-12 (See Note 4) 



- 

260 

mA 

80C286-16 (See Note 4) 



- 

310 

mA 

80C286-20 (See Note 4) 



-■ 

410 

mA 

80C286-25 (See Note 4) 

•CCSB 

Standby Power Supply Current 

- 

5 

mA 

(See Note 3) 


Capacitance (Ta = +25 OC; am Measurements Referenced to Device GND) 


SYMBOL 

PARAMETER 

TYP 

UNITS 

TEST CONDITIONS 

CCLK 

CLK Input Capacitance 

10 

PF 

FREQ = 1MHz 

C|N 

Other Input Capacitance 

10 

PF 


C|/0 

I/O Capacitance 

10 

pF 



*BHL should be measured after lowering Vjfsj to GND and then raising to 1 OV on the following pins. 36-51, 66, 67 
l0HH should be measured after raising V||sj to Vqq and then lowering to 3 OV on the following pins* 4-6, 36-51,66-68. 

'CCSB tested with the clock stopped in phase two of the processor clock cycle Vj^ = Vqq or GND, Vqc = VCC (Max), outputs unloaded. 
•CCOP measured at 10MHz for the 80C286-10, 12.5MHz for the 80C286-12, 16MHz for the 80C286-16, 20MHz for the 80C286-20, and 
25MHz for the 80C286-25 V|n = 2 4V or 0 4V, Vqq = VCC (Max), outputs unloaded 
ISH should be measured after raising Vjj^ to Vqq and then lowering to GND on pins 53 and 54 


NOTES 1 
2 
3. 

4 

5 
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Specifications 80C286 



MIN MAX MIN MAX MIN MAX UNIT TEST CONDITION 


A.C. Electrical Specifications Vcc = +5V ± 1 o%, Ta= o^c to +7ooc {C 80 C 286 - 12 ),Ta = -4ooc to +850c {I 80 C 286-1 o, -i 2 ) 

Vcc = +5V ± 5 %, Ta = QOC to +70^0 (C80C286-16), Ta = -40OC to +850C (I80C286-16) 
A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals 
as Illustrated in Datasheet Waveforms, Unless Otherwise Specified. 


PARAMETER 


TIMING REQUIREMENTS 


System Clock (CLK) Period 


System Clock (CLK) LOW Time 


System Clock (CLK) HIGH Time 


System Clock (CLK) RISE Time 


System Clock (CLK) FALL Time 


Asynchronous Inputs SETUP Time 


Asynchronous Inputs HOLD Time 


RESET SETUP Time 


RESET HOLD Time 


Read Data SETUP Time 


Read Data HOLD Time 


READY SETUP Time 


READY HOLD Time 


Input RISE/FALL Times 


TIMING RESPONSES 


Status/PEACK Active Delay 


Status/PEACK Inactive Delay 


Address Valid Delay 


Write Data Valid Delay 


Address/Status/Data Float Delay 


HLDA Valid Delay 


Address Valid to Status SETUP Time 27 


40 

- 

31 

- 

11 

- 

7 

- 

13 

- 


- 

- 

8 

- 

5 

- 

8 

- 

5 

15 

- 

5 

- 

15 

- 

5 

- 

10 

- 

10 

- 

0 

- 

0 

- 

5 

- 

5 

- 

4 

- 

! ^ 

- 

20 

- 

1 

12 

- 

20 

- 

5 

- 

- 

8 

- 

6 





1, (Notes 3,7) 


1,(Notes3,6) 


1, (Notes 2,3) 


1, (Notes 2,3) 


2, (Note 5) 


1,(Notes3,8) 


1,(Notes3,4) 


NOTES: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 

2. Delay from 1 .OV on the CLK to 0.8V or 2.0V. 

3. Output load: Cl = lOOpF. 

4. Delay measured from address either reaching 0.8V or 2.0V (valid) to status going active reaching 0.8V or status going inactive reaching 2 OV. 

5. Delay from 1 .OV on the CLK to Float (no current drive) condition. 

6. Delay from 1 .OV on the CLK to 0.8V for min. (HOLD time) and to 2.0V for max (inactive delay). 

7. Delay from 1 .OV on the CLK to 2.0V for min. (HOLD time) and to 0.8V for max. (active delay). 

8. Delay from 1,0V on the CLK to 2.0V. 

A.C. Test Conditions 


TEST CONDITION 
1 
2 


II (CONSTANT CURRENT SOURCE) 
1 2.0mA I 

-6mA (Vqh to Float) 

8mA (Vql to Float) 
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Specifications 80C286 


A.C. Electrical Specifications Vcc = +5V ± 5%,Ta = o^c to +70^0(C 80 C 286 - 20 ,- 25 ),Ta = -4ooc to +850c (I 8 OC 286 - 20 ) 

A.C. Timings are Referenced to the 1.5V Point of the Signals 
as Illustrated in Datasheet Waveforms, Unless Otherwise Specified. 



NOTES- 1 . Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 

2. Delay from 1 .OV on the CLK to 1.5V. 

3. Output load: Cl = lOOpF. 

4. Delay measured from address reaching 1.5V to status reaching 1 .SV. 

5. Delay from 1 .OV on the CLK to Float (no current drive) condition. 

6. Delay from 1 .OV on the CLK to 1.5V. 

A.C. Test Conditions 


TEST CONDITION 


IL (CONSTANT CURRENT SOURCE) 


-6mA (Vqh to Float) 
8 mA(VoLto Float) 
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80C286 


A.C. Specifications (Continued) 

C80C286-12, -16 
I80C286-10, -12, -16 

A.C. DRIVE AND MEASURE POINTS-CLK INPUT 



4.0V 

CLK INPUT 


0.45V 



DEVICE 

OUTPUT 



NOTE: For A.C testing, input rise and fall times are driven at 1ns per volt. 
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Specifications 80C286 


A.C. Electrical Specifications (Continued) 82C284 and 82C288 Timing Specifications are given for reference only and no 

guarantee is implied. 

82C284 TIMING 




10MHz 

12.5MHz 

16MHz 



SYMBOL 

PARAMETER 

MIN 

MAX 

MIN 



MAX 

UNIT 

TEST CONDITION 

TIMING REQUIREMENTS 

11 

SRDY/SRDYEN Setup Time 

15 

- 

15 

- 

10 

- 

ns 


12 

SRDY/SRDYEN Hold Time 

2 

- 

2 

- 

1 

- 

ns 


13 

ARDY/ARDYEN Setup Time 

5 

- 

5 

- 

3 

- 

iQm 


14 

ARDY/ARDYEN Hold Time 

30 

- 

25 

- 

20 

- 

BSII 

(Notel) 

TIMING RESPONSES 

19 

PCLK Delay 

0 

20 

0 

16 

0 

15 


Cl = 75pF 

IOL= 5mA 

IqH = 1mA 


82C288 TIMING 


SYMBOL 

PARAMETER 

10MHz 

12.5MHz 

16MHz 

UNIT 

TEST CONDITION 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

TIMING REQUIREMENTS 

12 

CMDLY Setup Time 

15 


15 

- 

10 

- 

ns 


13 

CMDLYHold Time 

1 

- 

1 

- 

0 

- 

ns 


TIMING RESPONSES 

16 

ALE Active Delay 

1 

16 

1 

16 

1 

12 

ns 


17 

ALE Inactive Delay 

- 

19 

- 

19 

- 

15 

ns 


19 

DT/R Read Active Delay 

- 

23 

- 

23 

- 

18 

ns 

Cl = 150pF 

20 

DEN Read Active Delay 

- 

21 

- 

21 

- 

16 

ns 

Iql = 16mA Max 

21 

DEN Read Inactive Delay 

3 

23 

3 

21 

5 

14 

ns 

Iql = “I Max 

22 

DT/R Read Inactive Delay 

5 

24 

5 

18 

5 

14 

ns 


23 

DEN Write Active Delay 

- 

23 

- 

23 

- 

17 

ns 


24 

DEN Write Inactive Delay 

3 

23 

3 

23 

3 

15 

ns 


29 

Command Active Delay from CLK 

3 

21 

3 

21 

3 

15 

ns 

Cl = 300pF 

30 

Command Inactive Delay from CLK 

3 

20 

3 

20 

3 

15 

ns 

Iql = 32mA Max 


NOTE 1. These times are given for testing purposes to ensure a predetermined action. 
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80C286 


Waveforms 


READ CYCLE WRITE CYCLE 

ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE 

WAIT STATES WAIT STATE 


READ 
(T| OR Ts) 


BUS CYCLE TYPE 


T, Ts 

^.2 r®j 


02 01 02 0l 02 0l 02 02 


A23 - Afl 
M/fO. COD INTA 




VALID ADDRESS 




Kl3)-1 


VALID CONTROL 


-f®- '®>i 



aiMWBinmiiiig 


7m//////////////m 


^smmm^m^^wrmmm/m7////////////m/////m//////////////////m/m 




CMOS MICRO¬ 
PROCESSORS 



















80C286 


Waveforms (Continued) 

80C286 ASYNCHRONOUS INPUT SIGNAL TIMING 


BUS CYCLE TYPE 



NOTES 

1. POLK indicates which processor cycle phase will occur on the next 
CLK. PCLK may not indicate the correct phase until the first cycle is 
performed. 

2. These inputs are asynchronous The setup and hold times shown 
assure recognition for testing purposes 


80C286 RESET INPUT TIMING AND 
SUBSEQUENT PROCESSOR CYCLE PHASE 



NOTE 

When RESET meets the setup time shown, the next CLKwill start or repeat 
4>2 of a processor cycle. 


EXITING AND ENTERING HOLD 



NOTES 

1 These signals may not be driven by the 80C286 during the time shown The worst case in terms of latest float time is shown 
2. The data bus will be driven as shown if the last cycle before T| in the diagram was a write Tq 

3 The 80C286 puts its status pins in a high impedance logic one state during Th 

4 For HOLD request set up to HLDA, refer to Figure 29 

5. BHE and LOCK are driven at this time but will not become valid until Ts 

6. The data bus will remain in a high impedance state if a read cycle is performed 













80C286 


Waveforms (Continued) 


80C286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 


♦2 L@- 


I/O READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY 

MEMORY READ IF MEMORY TO PROC. EXT./"I/O WRITE IF MEMORY TO PROC. EXT. 


A23 - Aq 
M/iO, COO INTA 


t!23r-| 

- (SEE NOTE-1) 
«(SEENOTE-2);? 


MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER I/O PORT 
ADDRESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER 


I/O PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER 
MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER 


ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 80C286 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES. 


NOTES. 

1 PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence The first bus operation will be either 
a memory read at operand address or I/O read at port address OOFA(H) 

2 To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is 3 x@ - 12Afnax ' ®min. The actual, 
configuration dependent, maximum time is 3 x ® -12ArYiax ’ ®min ■^Nx2x@ Nis the number of extra Tq states added to either the first or second 
bus operation of the processor extension data operand transfer sequence 


INITIAL 80C286 PIN STATE DURING RESET 


BUS CYCLE TYPE 


VCH 

02 

CLK ) 

^ /~ 

VCL 

—© 


AT LEAST 


16 CLK PERIODS 

@ - 


7^ 






_► 




_t 


1 





S '— (SEE NOTE-3) 


1 Setup time for RESET t may be violated with the consideration that </>1 of the processor clock may begin one system CLK period later 

2 Setup and hold times for RESET i must be met for proper operation, but RESET i may occur during </>1 or </>2. 

3 The data bus is only guaranteed to be in a high impedance state at the time shown 
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BYTE1 

BYTE 2 


BYTES 

BYTE 4 

BYTES 

BYTES 

7 6 5 4 3 2 1 

10 7 6 5 4 3 2 

1 0 






IDBBB3I 



LOWDISP/DATA j HIGH DISP/DATA j LOW DATA j 


REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION 
REGISTER OPERAND EXTENSION OF OPCODE 
REGISTER MODE MEMORY MODE WITH DISPLACEMENT LENGTH 
WORD BYTE OPERATION 

DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER 


OPERATION (INSTRUCTION) CODE 


A. SHORT OPCODE FORMAT EXAMPLE 


76543210765432107654321 0 


LONG OPCODE 


IB 




reg 

r/m 


B. LONG OPCODE FORMAT EXAMPLE 


FIGURE 33. 80C286 INSTRUCTION FORMAT EXAMPLES 


80C286 Instruction Set Summary 

Instruction Timing Notes 

The instruction clock counts listed below establish the 
maximum execution rate of the 80C286. With no delays in 
bus cycles, the actual clock count of an 80C286 program 
will average 5% more than the calculated clock count, due 
to instruction sequences which execute faster than they 
can be fetched from memory. 

To calculate elapsed times for instruction sequences, 
multiply the sum of all instruction clock counts, as listed 
in the table below, by the processor clock period. An 
12.5MHz processor clock has a clock period of 80 
nanoseconds and requires an 80C286 system clock (CLK 
input) of 25MHz. 


Instruction Clock Count Assumptions 

1 . The instruction has been prefetched, decoded and is 
ready for execution. Control transfer instruction clock 
counts include all time required to fetch, decode, and 
prepare the next instruction for execution. 

2. Bus cycles do not require wait states. 

3. There are no processor extension data transfer or local 
bus HOLD requests. 

4. No exceptions occur during instruction execution. 
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Instruction Set Summary Notes 

Addressing displacements selected by the MOD field are 
not shown. If necessary they appear after the instruction 
fields shown. 

Above/below refers to unsigned value 

Greater refers to more positive signed values 

Less refers to less positive (more negative) signed values 

If d = 1, then “to” register, if d = 0 then “from” register 

if w = 1, then word instruction; if w = 0, then byte 
instruction 

if s = 0, then 16-bit immediate data form the operand 

if s = 1 then an immediate data byte is sign-extended to 
form the 16-bit operand 

X don’t care 

z used for string primitives for comparison with ZF 
FLAG 

If two clock counts are given, the smaller refers to a 
register operand and the larger refers to a memory 
operand 

* = add one clock if offset calculation requires summing 
3 elements 

n = number of times repeated 

m = number of bytes of code in next instruction 

Level (L)—Lexical nesting level of the procedure 

The following comments describe possible exceptions, 
side effects and allowed usage for instructions in both 
operating modes of the 80C286. 

Real Address Mode Only 

1 . This is a protected mode instruction. Attempted 
execution in real address mode will result in an 
undefined opcode exception (6). 

2. A segment overrun exception ,(13) will occur if a word 
operand reference at offset FFFF(H) is attempted. 

3. This instruction may be executed in real address mode 
to initialize the CPU for protected mode. 

4. The lOPL and NT fields will remain 0. 

5. Processor extension segment overrun interrupt (9) will 
occur if the operand exceeds the segment limit. 


Either Mode 

6 . An exception may occur, depending on the value of 
the operand. 

7 LOCK is automatically asserted regardless of the 
presence or absence of the LOCK instruction prefix. 

8 . LOCK does not reamain active between all operand 
transfers. 

Protected Virtual Address Mode Only 

9. A general protection exception (13) will occur if the 
memory operand cannot be used due to either a 
segment limit or access rights violation. If a stack 
segment limit is violated, a stack segment overrun 
exception (12) occurs. 

10. For segment load operations, the CPL, RPL and DPL 
must agree with privilege rules to avoid an exception. 
The segment must be present to avoid a not-present 
exception (11). If the SS register is the destination 
and a segment not-present violation occurs, a stack 
exception (12) occurs. 

11. All segment descriptor accesses in the GDT or LDT 
made by this instruction will automatically assert 
LOCK to maintain descriptor integrity in multiproces¬ 
sor systems. 

12. JMP, CALL, INT, RET, IRET instructions referring to 
another code segment will cause a general protection 
exception (13) if any privilege rule is violated. 

13. A general protection exception (13) occurs if CPL t^O. 

14. A general protection exception (13) occurs if CPL > 
lOPL. 

15. The IF field of the flag word is not update.d if CPL > 
lOPL. The lOPL field is updated only if CPL = 0. 

16. Any violation of privilege rules as applied to the 
selector operand does not cause a protection 
exception; rather, the instruction does not return a 
result and the zero flag is cleared. 

17. If the starting address of the memory operand 
violates a segment limit, or an invalid access is 
attempted, a general protection exception (13) will 
occur before the ESC instruction is executed. A stack 
segment overrun exception (12) will occur if the stack 
limit is violated by the operand’s starting address. If a 
segment limit is violated during an attempted data 
transfer then a processor extension segment overrun 
exception (9) occurs. 

18. The destination of an INT, JMP, CALL, RET or IRET 
instruction must be in the defined limit of a code 
segment or a general protection exception (13) will 
occur. 
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80C286 Instruction Set Summary (Continued) 


I 




CLOCK COUNT | 

FUNCTION 

FORMAT 

Rsal 

Address 

Mode 

Protected 

Virtual 

Address 


RITHMETIC (Continued) 

AND = And: 


1 0 0 0 0 1 0 w I mod reg r/m | 
1 1 1 1 0 1 1 w I mod 0 0 0 r/m I 


0 0 0 0 1 0 d w I mod reg r/m | 
lOOOOOOw I modOOl r/m| 

0000 1 1 Ow I data I 


Reg/memory and register to either { OOlOOOdw | mod reg r/m | 

Immediate to register/memory | lOOOOOOw | mod 1 0 0 r/m | c 

Immediate to accumulator | 0 01 0 01 0 w | data | data 

TEST == And function to flags, no result 

Register/memory and register | 1 0 0 0 0 1 0 w | mod reg r/m | 

Immediate data and register/memory | 1111011w | mod 0 0 0 r/m | c 

Immediate data and accumulator | 1 0 1 0 1 0 0 w | data | data 

OR = Or 

Reg/memory and register to either | 0 0 0 0 1 0 d w | mod reg r/m | 

Immediate to register/memory | lOOOOOOw | mod 0 0 1 r/m | c 

mmediate to accumulator | 0 0 0 01 1 0 w | data | data 

XOR = Exclusive on 

Reg/memory and register to either | 0 0 1 1 0 0 d w | mod reg r/m | 

Immediate to register/memory | lOOOOOOw | mod 1 1 0 r/m j c 

Immediate to accumulator | 0 01 1 01 0 w | data | data 

HOT = Invert register/memory | 1 1 1 1 0 1 1 w | nK)d 010 r/m | 

STRING MANIPULATION: 

MOVS=Movebyte/word | 1 0 1 00 1 Ow | 

CMPS=Compare byte/word | 1 0 1 001 1 w | 

SCAS=Scan byte/word | 1 0 1 0 1 1 1 w | 

LODS = Loadbyte/wdtoAL/AX | 10101 1 Ow | 

STOS=Stor byte/wd from AL/A | 1 0 1 0 1 0 1 w | 

Repeated by count in CX 

IIOV 5 * Move string 11110011 | 101001 0w| 

CMPS»Compare string IIIIOOI2 | 1010011w| 

SCAS=Scanstnng 1 1 1 1 001 2 | 1 01 01 1 1 w | 

LODS = Load string 1 1 1 1001 1 | 10101 lOw | 

STOS=Store string 11 110011 | lOIOIOIw | 

•!' "'i-' ’■ '*7 ''.‘t 


Shaded areas indicate instructions not available in 80C86/88 microsystems 


data I 
dataifw=1 I 


data I 

dataifw=1 I 


data I 

dataifw=1 I 


I 0 0 1 1 0 0 d w I mod reg r/m | 
lOOOOOOw I mod 1 1 0 r/m | data | data if w = 1 
OOllOIOwl data |dataifw=l| 

1 1 1 1 0 1 1 w I tTKHj 010 r/m~| 

lOIOOlOw I 

1010011w I 
1 010111w I 

101011Ow I 

1 010101w I 

iSSiSI^ . , --'I'..: 

I 11110011 I 101001 Ow I 
I 1 1 1 1 0012 I 1 01 001 1 w I 

I 11110012 I 1 01 01 11w I 

I 11110011 I 10101 lOw I 

I 11110011 I 1 01 0101w I 




Protsctsd 

Virtual 


5+4n 

5+4n 

5 + 9n 

5 + 9n 

5 + 8n 

5 + 8n 

5+<n 

5+4n 

4+3n 

4+3n 
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80C286 Instruction Set Summary (Continued) 


CONTROL TRANSFER 
CALL =Call: 


Direct within segment 


1 1 1 01 0 0 0 I disp-low I disp-high 
11111111 I mod 0 1 0 


segment offset 
segment selector 


I mod0 1 1 r/m| (moduli) 


Register/memory | i 1 1 i i 1 i 

indirect within segment 

Direct intersegment | 1 0 0 1 1 0 1 

Protected Mode Only (Direct Intersegment): 

Via call gate to same privilege level 

Via call gate to different privilege level, no parameters 

Via call gate to different privilege level, x parameters 

ViaTSS 

Via task gate 

Indirect intersegment | 1111 111 

Protected Mode Only (Indirect intersegment): 

Via call gate to same privilege level 

Via call gate to different privilege level, no parameters 

Via call gate to different privilege level, x parameters 

ViaTSS 

Via task gate 

JMP = Unconditional Jump: 


Short/long | 1110 10 11 | disp-low | 

Direct within segment | 1110 10 01 | dtsp-low | disp-high 

Register/memory indirect within segment | 11111111 | mod 1 0 0 r/m| 

Direct intersegment | 11101010 | segment offset 

Protected Mode Only (Direct Intersegment): | _ segment selector 

Via call gate to same privilege level 
Via TSS 
Via task gate 


Indirect intersegment | 11111111 

Protected Mode Only (Indirect intersegment): 

Via call gate to same privilege level 
Via TSS 
Via task gate 

RET = Return from CALL: 

Within segment | 1 1 00001 1 

Within seg adding immed to SP | 1 1 000010 

Intersegment | 11001011 

Intersegment adding immediate to SP | 110 01010 

Protected Mode Only (RET): 

To different privilege level_ 


I mod 1 0 1 r/m | (mod=?t11) 


data-low | data-high 


data-low | data-high 


CLOCK COUNT | 

COMMENTS 

Real 

Protected 

Virtual 

Real 

Protected 

Virtual 

Address 

Address 

Mode 

Address 

Mode 

Address 

Mode 


Mode 

7 + m 

7 + m 

2 

18 

7 + m, 11 + m* 

7 + m, 11 + m* 

2,8 

8,9,18 

13 + m 

26 +m 

2 

11,12,18 


41 +m 


8,11,12,18 


82+ m 


8,11,12,18 


86 +4x+m 


8,11,12,18 


177 + m 


8,11,12,18 


182 + m 


8,11,12,18 

16 + m 

29 +m* 

2 

8,9,11,12,18 


44 + m* 


8,9,11,12,18 


83 +m* 


8,9,11,12,18 


90 + 4X +m* 


8,9,11,12,18 


180 + m* 


8,9,11,12,18 


185 + m* 


8,9,11,12,18 

7 + m 

7 + m 


18 

7 + m 

7+ m 


18 

7 +m, 11 + m* 

7 + m, 11 + m* 

2 

9,18 

11 +m 

23 + m 


11,12,18 


38+ m 


8,11,12,18 


175 + m 


8,11,12,18 


180 + m 


8,11,12,18 

15 + m* 

26+m* 

2 

8,9,11,12,18 


41 +m* 


8,9,11,12,18 


178 + m* 


8,9,11,12,18 


183 + m* 


8,9,11,12,18 

11 +m 

11 +m 

2 

8,9,18 

11 +m 

11 +m 

2 

8,9,18 

15 + m 

25+ m 

2 

8,9,11,12,18 

15 + m 


2 

8,9,11,12,18 


55 + m 


9,11,12,18 
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80C286 Instruction Set Summary (Continued) 


CONTROL TRANSFER (Continued) 

JE/JZ = Jump on equal zero 
JL/JNGE = Jump on less/not greater or equal 
JLE/JNG = Jump on less or equal/not greater 
JB/JNAE = Jump on below/not above or equal 
JBE/JNA = Jump on below or equal/not above 
JP/JPE = Jump on panty/parity even 
JO = Jump on overflow 
JS = Jump on sign 

JNE/JNZ = Jump on not equal/not zero 
JNL/JGE = Jump on not less/greater or equal 
JNLE/JG = Jump on not less or equal/greater 
JNB/JAE = Jump on not below/above or equal 
JNBE/JA = Jump on not below or equal/above 
JNP/JPO = Jump on not par/par odd 
JNO = Jump on not overflow 
JNS = Jump on not sign 
LOOP = Loop CX times 
LOOPZ/LOOPE = Loop while zero/equal 
LOOPNZ/LOOPNE = Loop while not zero/equal 
JCXZ = Jump on CX zero 


INT= Interrupt: 

Type specified 
Types 

INTO =Interrupt on overflow 


01110100 
01111100 
01111110 
01 1 10010 
01110110 
01111010 
0 1 1 1 0000 
01111000 
01110101 
01111101 
01111111 
01110011 
01110111 
01111011 
01110001 
01111001 
11100010 
1 1 1 00001 
11100000 
11100011 



1 CLOCK COUNT | 

COMMENTS 1 

RmI 

Address 

Mods 

Protsctsd 

Virtual 

Address 

Mode 

Real 

Addresa 

Mode 

Protected 

Virtual 

Address 

Mode 

7 + m or 3 

7 + mor3 


18 

7 + m or 3 

7 + mor 3 


18 

7 + mor3 

7 + mo»’3 


18 

7 + m or 3 

7 + m or 3 


18 

7 + m or 3 

7 + m or 3 


18 

7 + m or 3 

7 + m or 3 


18 

7 +mor3 

7 + m or 3 


18 

7+ mor3 

7 + m or 3 


18 

7 + m or 3 

7 + m or 3 


10 

7 + m or 3 

7 + mor3 


18 

7 + m or 3 

7 + m or 3 


18 

7 + m or 3 

7 + m or 3 


10 

7 + m or 3 

7 + mor3 


18 

7 + m or 3 

7 + m or 3 


10 

7 + m or 3 

7 + m or 3 


18 

7 + m or 3 

7 + m or 3 


18 

0 + m or 4 

8 + m or 4 


18 

8 + m or 4 

8 + m or 4 


10 

8 + mor4 

8 + m or 4 


18 

8 + m or 4 

8 + m or4 


18 



m 

'IP 

Tf ■' 

„ 

■' ''Ip 

m ' 

m, : 

m 

: 





23 +m 


2.7.8 


23 +m 


2.7.8 


24 + m or 3 


2,6.8 


(3 if no 

(3 if no 



interrupt) 

interrupt) 




Shaded areas indicate instructions not available in 80C86/88 microsystems 
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80C286 Instruction Set Summary (Continued) 


CONTROL TRANSFER (Continued) 

Protected Mode Only: 

Via interrupt or trap gate to same privilege level 
Via interrupt or trap gate to fit different privilege level 
Via Task Gate 

IRET =* Interrupt return | 1 1 00 

Protected Mode Only: 

To different privilege level 
To different task (NT = 1) 


CLOCK COUNT 
. . Protected 
Vlrtu.1 



7,8,11,12,18 

7,8,11,12,18 

7,8,11,12,18 

8,9,11,12,15,18 




PROCESSOR CONTROL 


CLC = Clear carry 
CMC = Complement carry 


CLD = Clear direction 


BTO = Set direction 


01 tt'f 010,1 'vm^m 


CLI = Clear interrupt 
5TI = Set interrupt 


tr 




LOCK = Bus lock prefix 
ipNC 

ESC = Processor Extension Escape 


I 1 1 0 1 1 T T T I mod LLL r/m | 

(TTT LLL are opcode to processor extension) 


£Q = Segment Override Prefix 


I mmmm Iwtit., m 


f ' Miii^ I 


till mi 

wtTiTiTf#^ 


immi! 



3-102 













80C286 


80C286 Instruction Set Summary (Continued) 





CLOCK COUNT 

COMMENT! 



FUNCTION FORMAT 

_ Pfotocted 

■ "*^ 

AddTMS _ 

.. ^ Addre— 

McMte 

—^ 

MOCW 

_ PfoMictPd 

Addwtttt 

IM. 



'^KX VlXtXflVIt^ 

J|l||fi^lN|l|piltK^^ 

iaiitiiiitiii^^ IHittiiihhtiii'iililnii' limit' 


PliP^^ WPIWifVipiili^^ pi1VM|jpi iVwliA 

1Willl**VW%'Wil^ 


.00fti:iif I i^l 

' '' ’•'' ., ■' ' , ' '•■ 

"lSS^'77ii 


$m^%iti I mmmi^ 


ini f rnm^mm 



mil 


i4,fr ' 1 ' ''mM 

wr I %it4i 
ir,it* t a»» 

I4t»* I ' 

wr i %$%m 



Shaded areas indicate instructions not available in 80C86/88 microsystems 
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80C286 Machine Instruction Encoding Matrix 










































































































































































































80C286 


80C286 Machine Instruction Encoding Matrix (Continued) 


where: 


mod r/m 

000 

001 

010 

Oil 

100 

101 

110 

111 

Immed 

ADD 

OR 

ADC 

SBB 

AND 

SUB 

XOR 

CMP 

Shift 

ROL 

ROR 

RCL 

RCR 

SHL/SAL 

SHR 

- 

SAR 

Grp 1 

TEST 

- 

NOT 

NEG 

MUL 




a 



H 


JMP 

id 



■ 




noon 

■Qi 

VERR 

VERW 

- 

- 

PVAM 1 

SGDT 

SIDT 

LGDT 

LIDT 

SMSW 

- 

LMSW 

- 

PVAM 2 

LAR 

PVAM 3 

LSL 

PVAM 6 

CLTS 


b = byte operation 
d = direct 
f = from CPU reg 
I = immediate 
la = immediate to AX 
id = indirect 

IS = immediate byte sign extension 
I = long le. intersegment 
n = 2nd byte of PVAM instruction 


m = memory 
r/m = EA is second byte 
SI = short intrasegment 
sr = segment register 
t = to CPU register 
V = variable 
w = word operation 
z = zero 


Footnotes 

The Effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 

if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*. disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign extended to 16 bits, disp- 
high IS absent 

if mod = 10 then DISP = disp-high: disp-low 

If r/m = 000 then EA = (BX) + (SI) + DISP 
If r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m = 010 then EA = (BP) + (SI) + DISP 
if r/m = oil then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 then EA = (Dl) + DISP 
If r/m = 110 then EA + (BP) + DISP* 
if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data is 
required) 

* except if mod = 00 and r/m = 110 then EQ = disp-high: 
disp-low. 


Segment Override Prefix 


0 0 1 reg 1 1 0 


reg Is assigned according to the following: 


REG 


SEGMENT REGISTER 

00 


ES 


01 


CS 


10 


SS 


11 


DS 


signed according to the following tat 

16-BiT (w 

= 1) 

8-BIT (w 

= 0) 

000 

AX 

000 

AL 

001 

cx 

001 

CL 

010 

DX 

010 

DL 

oil 

BX 

oil 

BL 

100 

SP 

100 

AH 

101 

BP 

101 

CH 

110 

SI 

110 

DH 

111 

Dl 

111 

BH 


The physical addresses of all operands addressed by the 
BP register are computed using the SS segment register. 
The physical addresses of the destination operands of the 
string primitive operations (those addressed by the Dl 
register) are computed using the ES segment, which may 
not be overridden. 
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80C286/883 


January 1992 


High Performance Microprocessor 
With Memory Management and Protection 


Features 

• This Circuit Is Processed In Accordance to MII-Std-883 and Is Fully 
Conformant Under the Provisions of Paragraph 1.2.1. 

• Compatible with NMOS 80286/883 

• 10MHz Operation (80C286-10/883) 

• 12.5MHz Operation (80C286-12/883) 

• Static CMOS Design for Low Power Operation 
^ ICCSB = 5mA Maximum 

► ICCOP = 185mA Maximum (80C286-10/883) 

► ICCOP = 220mA Maximum (80C286-12/883) 

• Large Address Space: 

► 16 Megabytes Physical 

► 1 Gigabyte Virtual per Task 

• Integrated Memory Management, Four-Level Memory Protection 
and Support for Virtual Memory and Operating Systems 

• Two 80C86 Upward Compatible Operating Modes: 

► 80C286/883 Real Address Mode 

► Protected Virtual Address Mode 

• Compatible with 80287 Numeric Data Co-processor 

• Available in 68 Pin PGA (Pin Grid Array) Package 

• Wide Operating Temperature Range.-550C to+1250C 

Description 

The Harris 80C286/883 is a static CMOS version of the NMOS 80286 
microprocessor. The 80C286/883 is an advanced, high-performance 
microprocessor with specially optimized capabilities for multiple user and 
multi-tasking systems. The 80C286/883 has built-in memory protection 
that supports operating system and task isolation as well as program and 
data privacy within tasks. The 80C286/883 includes memory management 
capabilities that map 2^0 (one gigabyte) of virtual address space per task 
into 224 bytes (16 megabytes) of physical memory. 

The 80C286/883 is upwardly compatible with 80C86 and 80C88 software 
(the 80C286/883 instruction set Is a superset of the 80C86/80C88 
instruction set). Using the 80C286/883 real address mode, the 80C286/ 
883 is object code compatible with existing 80C86 and 80C88 software. In 
protected virtual address mode, the 80C286/883 is source code compati¬ 
ble with 80C86 and 80C88 software but may require upgrading to use 
virtual address as supported by the 80C286/883’s integrated memory 
management and protection mechanism. Both modes operate at full 
80C286/883 performance and execute a superset of the 80C86 and 
80C88 instructions. 

The 80C286/883 provides special operations to support the efficient 
implementation and execution of operating systems. For example, one 
Instruction can end execution of one task, save its state, switch to a new 
task, load Its state, and start execution of the new task. The segment-not- 
present exception and restartable instructions. 



Copyright © Harris Corporation 1992 


File Number 2948 








Specifications 80C286/883 


Absolute Maximum Ratings 

Supply Voltage. 


Reliability Information 


Supply Voltage.+8.0V 0jc.170C/W (PGA Package) 

Input, Output or I/O Voltage Applied_GND -1 .OV to Vqq +1 .OV 0ja.410C/W (PGA Package) 

Storage Temperature Range.-650C to +1 SO^C Maximum Package Power Dissipation.1.22W 

Junction Temperature.+175^0 Typical Derating Factor.17mA/MHz Increase in ICCOP 

Lead Temperature (Soldering, 10 Seconds).+300OC Gate Count. 22,500 Gates 

ESD Classification.Class 1 


CAUTION: Stresses above those listed in the “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and oper¬ 
ation of the deviice at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Operating Conditions 

operating Voltage Range.+4.5V to +5.5V Input RISE/FALL Time (From 0.8V to 2.0V) 


Operating Temperature Range. -55^C to +1 25°C 

System Clock (CLK) RISE Time (From 1 .OV to 3.6V).8ns (Max) 

System Clock (CLK) FALL Time (From 3.6V to 1 .OV).8ns (Max) 


80C286-10/883 . 10ns (Max) 

80C286-12/883 .8ns (Max) 


TABLE 1. 80C286/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 


PARAMETER 

SYMBOL 

Input LOW Voltage 

VlL 

Input HIGH Voltage 

VlH 

CLK Input LOW Voltage 

V|LC 

CLK Input HIGH Voltage 

V|HC 

Output LOW Voltage 

VOL 

Output HIGH Voltage 

VOH 

Input Leakage Current 

l| 

Input Sustaining 

Current LOW 

•bhl 

Input Sustaining 

Current HIGH 

ibhh 

Input Sustaining 

Current on 

•SH 

BUSY and ERROR Pins 


Output Leakage Current 

•o 

Active Power 

Supply Current 

•CCOP 

Standby Power 

Supply Current 

«CCSB 



NOTES: 1. Igi^L should be measured after lowering V|fg to GND and then raising to 1.0V on the following pins: 36-51, 66, 67 

2. IbhH should be measured after raising V|fg to Vqc then lowering to 3.0V on the following pins: 4-6, 36-51, 66-68. 

3. IccSB should be tested with the clock stopped in phase two of the processor clock cycle. V||sj = Vqq or GND, Vqq = 5 5V, outputs unloaded. 

4. IccOP measured at 10MHz for the 80C286-10/883 and 12.5MHz for the 80C286-12/883. V|fy| = 2.4V or 0.4V, V^c = 5.5V, outputs unloaded. 

5. IgH should be measured after raising V||sj to Vqc and then lowerng to OV on pins 53 and 54. 


CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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Specifications 80C286/883 


TABLE 2. 80C286/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Datasheet Waveforms, Unless Otherwise Noted. 
Device Guaranteed and 100% Tested. 


80C286/883 


10MHz 12.5MHz 



System Clock 
(CLK) Period 

1 

Vcc = 4.5V 
and 5.5V 

System Clock 
(CLK) Low Time 

2 

Vqq = 4.5V and 
5.5V @ 1.0V 

System Clock 
(CLK) High Time 

3 

Vcc ~ 4.5V and 
5.5V @ 3.6V 



Asynchronous 
Inputs SETUP Time 
Notel 


Asynchronous 
Inputs HOLD Time 
Note 1 


RESET SETUP Time 6 


RESET HOLD Time 


Read Data 
SETUP Time 



5.5V, Cl = 100pF 
lL = l2mA| 


GROUP A 
SUBGROUPS 

TEMPERATURE 

9,10,11 

-550C <Ta<+1250C 

9,10,11 

-550C<Ta<+1250C 

9,10,11 

-550C<Ta<+1250C 

9,10,11 

-550C<Ta<+1250C 

9,10,11 

-550C<Ta<+1250C 

9,10,11 

-550C<Ta<+1250C 

9,10,11 

-550C<Ta<+1250C 

9,10,11 

-550C<Ta<+1250C 

9,10,11 

-550C <Ta<+1250C 

9,10,11 

-550C <Ta<+1250C 

9,10,11 

-550C<Ta<+1250C 

9,10,11 

-550C<Ta<+1250C 

9,10,11 

- 550 c <Ta<+1250C 

9,10,11 

- 550 c <Ta<+1250C 

9,10,11 

- 550 c <Ta<+1250C 

9,10,11 

- 550 c <Ta<+1250C 



Status/PEACK 
inactive Delay 
Notes 


Write Data Valid 
Delay Note 2 


HLDA Valid Delay 
Note 5 


NOTES: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 

2. Delay from 1.0V on the CLK to 0.8V or 2.0V. 

3. Delay from 1.0V on the CLK to 0 8V for Min (HOLD time) and to 2.0V for Max (inactive delay). 

4. Delay from 1.0V on the CLK to 2.0V for Min (HOLD time) and to 0.8V for Max (active delay). 

5. Delay from 1.0V on the CLK to 2.0V. 


35 

■ 

32 

ns 

40 

0 

31 

ns 

47 

0 

25 

ns 


CAUTION: These devices are sensitive to electronic discharge. Proper 1C heindling procedures should be followed. 
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Specifications 80C286/883 


TABLE 3. 80C286/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

CLK Input Capacitance 

CCLK 

Other Input Capacitance 

C|N 

I/O Capacitance 

C|/0 

Address/Status/Data 

Float Delay 

15 

Address Valid to Status 
SETUP Time 

19 




80C286/883 


MAX 

MIN 

MAX 

UNITS 

10 

- 

10 

PF 

10 

- 

10 

PF 

10 

- 

10 

pF 

47 

0 

32 

ns 

- 

20 

- 

ns 


Ta = + 250c 


Ta = +250C 


Ta = +250C 


1,3.4,5 -550C<Ta<+1250C 0 


lL = l2.0mAl 1,2,5 -550C < Ta <+1250C 27 


NOTES 1. Output Load: Cl = lOOpF 

2 Delay measured from address either reaching 0 8V or 2 OV (valid) to status going active reaching 0.8V or status going inactive reaching 2.0V. 

3 Delay from 1 OV on the CLK to Float (no current drive) condition. 

4. Il = -6mA (Vqh Io Float), II = 8mA (Vql Float). 

5. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are charac¬ 
terized upon initial design and after major process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS 

Initial Test 
Interim Test 
PDA 

Final Test 
Group A 
Group C & D 


1CX)%/5004 

100%/5004 

100 % 

100% 

Samples/5005 


SUBGROUPS 

1,7,9 

1 

2,3,8A,8B, 10,11 
1,2,3,7,8A, 88,9,10,11 
1,7,9 


CAUTION. These devices are sensitive to electronic discharge Proper IC handling procedures should be followed 
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Specifications 80C286/883 


A.C. Electrical Specifications (Continued) 


82C284 and 82C288 TIMING SPECIFICATIONS ARE GIVEN FOR REFERENCE ONLY, AND NO GUARANTEE IS IMPLIED. 
82C284 TIMING 


PARAMETER 


MIN MAX MIN MAX UNIT 


TEST CONDITION 


TIMING REQUIREMENTS 


SRDY/SRDYEN Setup Time 


SRDY/SRDYEN Hold Time 


ARDY/ARDYEN Setup Time 


ARDY/ARDYEN Hold Time 


TIMING RESPONSES 


CMDLY Hold Time 


TIMING RESPONSES 


ALE Active Delay 


ALE Inactive Delay 


DT/R Read Active Delay 


DEN Read Active Delay 


DEN Read inactive Delay 


DT/R Read Inactive Delay 


DEN Write Active Delay 


DEN Write Inactive Delay 


Command Active Delay from CLK 


Command inactive Delay from CLK 


ns (Note1) 


ns (Note1) 


0 20 0 16 ns Cl = 75pF 

Iql == 5mA 
Ioh = -1'^a 



Cl =150pF 


Iql ” 16mA Max 


•oh = -1mA Max 



Cl = 300pF 


Iql = 32mA Max 


NOTE 1. These times are given for testing purposes to ensure a predetermined action. 
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80C286/883 


A.C. Specifications (Continued) 


A.C. DRIVE AND MEASURE POINTS - CLK INPUT 






DEVICE 

OUTPUT 



NOTE:. For A.C. testing, input rise and fall tunes are driven at 1 ns per volt. 
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82C288 (See Note 2) 82C284 (See Note 2} 80C286/883 


80C286/883 



W/////////m////m////m////m///m//////////m 




KH h® 



m////////////m7///A 








-A K® ( 


MWTC 




* 

@1- 

(SEE NOTE-1) 

n| 

MROC \ 






MAJOR CYCLE TIMING 


NOTES: 1. The modified timing is due to the CMDLY signal being active. 

2. 82C284 and 82C288 timing waveforms are shown for reference only, and no guarantee is implied. 
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80C286/883 


Waveforms (Continued) 

80C286/883 ASYNCHRONOUS INPUT SIGNAL TIMING 

BUS CYCLE TYPE 



NOTES: 1. PCLK indicates which processor cycle phase will occur on the 
next CLK PCLK may not indicate the correct phase until the first 
cycle IS performed. 

2 These inputs are asynchronous The setup and hold times 
shown assure recognition for testing purposes 


80C286/883 RESET INPUT TIMING AND 
SUBSEQUENT PROCESSOR CYCLE PHASE 



NOTE When RESET meets the setup time shown, the next CLK will start or 
repeat (s^2 of a processor cycle 


EXITING AND ENTERING HOLD 



NOTES: 1. These signals may not be driven by the 80C286/883 during the time shown. The worst case in terms of latest float time is shown. 

2. The data bus will be driven as shown if the last cycle before T| in the diagram was a write Tq. 

3. The 80C286/883 puts its status pins in a high impedance logic one state during T^. 

4. For HOLD request set up to HLDA, refer to Figure 29. 

5. BHE and LOCK are driven at this time but will not become valid until Ts- 

6. The data bus will remain in a high impedance state if a read cycle is performed. 


I 
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80C286/883 


Waveforms (continued) 


BUS CYCLE TYPE 


VCH 02 


SI • SO 

A23 - Afl 
M/m, COD INTA 


- 


PEACK 


80C286/883 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 
TC 



I/O READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY 

MEMORY READ IF MEMORY TO PROC. EXT. /~ I/O WRITE IF MEMORY TO PROC. EXT. 

. - - 


r 






■V 


J~ 


MEMORY ADDRESS IF PRDC. EXT. TO MEMORY TRANSFER I/O PORT 
ADDRESS DDFA(H) IF MEMORY TO PROC. EXT. TRANSFER 


)OC 


I/O PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER 
MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER 



pSEENOTE-2)^-^^ 



PEREQ \\\\\\\\\\\\\\\\\\^^^^ 




ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 80C286/883 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES. 

NOTES: 1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first bus operation will be 
either a memory read at operand address or I/O read at port address OOFA{H). 

2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is 3 x 0 - 12Amax. " ®min. 
actual, configuration dependent, maximum time Is: 3x0- 12An,ax. “ ®min. +N x 2 x 0. N is the number of extra Tq states added to either the 
first or second bus operation of the processor extension data operand transfer sequence. 


INITIAL 80C286/883 PIN STATE DURING RESET 


BUS CYCLE TYPE 



NOTES: 1. Setup time for RESET f may be violated with the consideration that (>1 of the processor clock may begin one system CLK period later. 

2. Setup and hold times for RESET | must be met for proper operation, but RESET | may occur during c])! or <1)2. 

3. The data bus is only guaranteed to be in a high impedance state at the lime shown. 
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80C286/883 


Burn-In Circuit 


80C286/883 PGA 


^RI^RIiRI>RliRliRliRliRl|Rl5Rl5Rl>RI^Rl5Rl5RI>RI 


51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 



NOTES- 1 Supply Voltage 
Vdd = 5 5V 

Vss = o.ov 

2 Input Voltage Limits 
ViL (Maximum) = 0.8V 
V|H (Minimum) = 2 OV 

3. Component Values 
RC = Ikn ±5% 

Rl = lOkn ±5% 

RO = Two Series 2 7kn ±5% 

4. Capacitor Values 

Cl =0.1 Microfarads 


5. Oven Type and Frequency Requirements 

Wakefield Oven Board fQ = 100kHz, f 3 = 12.5kHz, 

f 4 = 6.25kHz, fs = 3.125kHz, fy = 781.25Hz. 

6 Special Requirements 

(a) ELECTROSTATIC DISCHARGE SENSITIVE. Proper 
Precautions Must be Used When Handling Units 

(b) All Power Supplies Must be at Zero Volts When the Boards 
are Inserted into the Ovens. 

(c) When Powering Up, the Inputs Must be Held Below the V[)d 
V oltage. 

(d) If an Excessive Current is Indicated at Final Inspection, 
Check to See if a Part is Inserted Backwards or is Latched 
Up 
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80C286/883 







WittlMli. 


--- 


MetaHization Topology 

DIE DIMENSIONS: 

315 X 320 X 19 ± 1 mils 
METALLIZATION: 

Type; Si-AI 
Thickness: 8kA 
GLASSIVATION: 

Type: Nitrox 
Thickness: lOkA 


DIE ATTACH: 

Material: Si-Au Eutectic Alloy 
Temperature: Ceramic PGA — 420^0 (Max) 

WORST CASE CURRENT DENSITY: 2 x 105A/cm2 
LEAD TEMPERATURE (10 Seconds Soldering): < 300OC 


Metallization Mask Layout 


80C286/883 
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80C286/883 


Packaging 

68 PIN GRID ARRAY (PGA) 
1.140 



LEAD FINISH: Type C COMPLIANT OUTLINE: MIL-STD-1835, CMGA3-P68D 

MATERIALS: Compliant to MIL-M-38510 


NOTE. All Dimensions are - , Dimensions are in inches 

Max 
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January 1992 


Features 

• Compatible with NMOS 8086 

• Completely Static CMOS Design 

► DC .5MHz (80C86) 

► DC .8MHz (80C86-2) 

• Low Power Operation 

► ICCSB.SOOjjA (Max) 

► ICCOP.lOmA/MHz (Typ) 

• 1MByte of Direct Memory Addressing Capability 

• 24 Operand Addressing Modes 

• Bit, Byte, Word and Block Move Operations 

• 8 Bit and 16 Bit Signed/Unsigned Arithmetic 

► Binary, or Decimal 
^ Multiply and Divide 

• Wide Operating Temperature Range 

► C80C86 .0OCto+70OC 

► I80C86 .-40OCto+85OC 

► M80C86 .-550Cto+1250C 


CMOS 16 Bit Microprocessor 


Description 

The Harris 80C86 high performance 16 bit CMOS CPU is 
manufactured using a self-aligned silicon gate CMOS 
process (Scaled SAJI IV). Two modes of operation, 
MINimum for small systems and MAXimum for larger 
applications such as multi-processing, allow user 
configuration to achieve the highest performance level. Full 
TTL compatibility (with the exception of CLOCK) and 
industry standard operation allow use of existing NMOS 
8086 hardware and software designs. 

Ordering Information 


TEMP. RANGE 


Plastic 

O^C to +70OC 

DIP 

-40OC to +850C 

PLCC 

OOC to +70OC 


-40OC to +850C 

Ceramic 

QOC to +70OC 

DIP 

-40OC to +850C 

SMD# 

- 550 c to +1 250 c 

LCC 

SMD# 

- 550 c to+1 250 c 


5MHz 

8MHz 

CP80C86 

CP80C86-2 

IP80C86 

IP80C86-2 



IS80C86 

IS80C86-2 

CD80C86 

CD80C86-2 

ID80C86 

ID80C86-2 

MD80C86/B 

MD80C86-2/B 

8405201QA 

8405202QA 

MR80C86/B 

MR80C86-2/B 

8405201XA 

8405202XA 


Pinouts 


40 LEAD DIP 
TOP VIEW 

MAX 

bol VCC 



391 ADIS 
^ A16/S3 
37] A17/S4 
36] A18/S5 
is] A19/S6 
^ BHE/S7 
33] MN/MX 
32] RD 

31] RQ/^ (HOLD) 
3o]M/CT1 (HLDA) 


44 LEAD PLCC AND LCC PACKAGE 
TOP VIEW 


< < < o 


< < < 

1 —n—n—n—r 

•43; ;42; ;41; ;40; 


AD10 AD10 7j 

—I 

AD9 AD9 JBJ 

—•1 

AD8 AD8 J9 J 

AD7 AD7 10] 

—1 

AD6 AD6 11J 

ADS ADS 12] 

AD4 AD4 ja] 

ADS ADS 14] 

AD2 AD2 is] 

ADI ADI 16J 

ADO ADO 17’ 


[39 

NC 

NC 

[38 

A19 /S6 

A19 / SB 

[37 

BHE /S7 

iHE/S7 

136 

MN 

MN 

[35 

RD 


[34 

HOLD 

rq"/^ 

[33 

HLDA 


[32 

WR 

LOCK 

[31_ 

M/io 

S2 

[30 

DT /1r 

s7 

[29 

DEN 

-1- - 

SO 


o S & 5 S o S 

zzzooZwu 


/ 

MIN MODE 
80C86 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 


File Number 2957 
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80C86 


Functional Diagram 


EXECUTION UNIT BUS INTERFACE UNIT 
I __I I RELOCATION | 


REGISTER FILE 



CLK RESET READY MN/MX 6N0 

vcc 
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Pin Description 

The following pin function descriptions are for 80C86 interface connection to the 80C86 (without regard to 
systems in either minimum or maximum mode. The “Local additional bus buffers). 

Bus” in these descriptions is the direct multiplexed bus 













RD 











ADDRESS DATA BUS: These lines constitute th e time multiplexed memory/IO address {T1) 
and data (T2, T3, TW, T4) bus. AO is analogous to BHE for the lower byte of the data bus, pins 
D7-D0. It is LOW during T1 when a byte is to be transferred on the lower portion of the bus in 
memory or I/O operations. Eight-bit oriented device s tied to the lower half would normally 
use AO to condition chip select functions (See BHE). These lines are active HIGH and are 
held at high Impedance to the last valid logic level during interrupt acknowledge and local 
bus “hold acknowledge" or “grant sequence”. 


ADDRESS/STATUS: During T1, these are the four most significant address lines for 
memory operations. During I/O operations these lines are LOW. During memory and I/O 
operations, status Information is available on these lines during T2, T3, TW, T4. S6 is always 
LOW. The status of the interrupt enable FLAG bit (S5) is updated at the beginning of each 
clock cycle. S4 and S3 are encoded as shown. 

This information indicates which segment register is presently being used for data 
accessing. 

These lines are held at high impedance to the last valid logic level during local bus “hold 
acknowledge” or “grant sequence”. 


S4 

S3 

CHARACTERISTICS 

0 

0 

Alternate Data 

0 

1 

Stack 

1 

0 

Code or None 

1 

1 

Data 



BUS HIGH ENABLE/STATUS: During T1 the bus high enable signal (BHE) should be used 
to enable data onto the most significant half of the data bus, pins D15-D8. Eight bit oriented 
devices tie d to the upper half of the bus would normally use BHE to condition chip select 
functions. BHE is LOW during T1 for read, write, and interrupt acknowledge cycles when a 
byte is to be transferred on the high portion of the bus. The S7 status information is available 
during T2, T3 and T4. The signal is active LOW, and is held at high impedance to the last 
valid logic level during interrupt acknowledge and local bus “hold acknowledge” or “grant 
sequence”; it is LOW during T1 for the first interrupt acknowledge cycle. 


CHARACTERISTICS 


Whole word 
Upper Byte from/to 
odd address 
Lower byte from/to 
even address 
None 



BHE 

AO 


0 

0 

1 

1 

0 

1 

1 

BBS 







READ; Read strobe indicates that the processor is performing a memory or I/O read cycle, 
depending on the state of the M/IO or S2 pin. This signal is used to read devices which reside 
on the 80C86 local bus. RD is active LOW during T2, T3 and TW of any read cycle, and is 
guaranteed to remain HIGH in T2 until the 80C86 local bus has floated. 

This line is held at a high Impedance logic one state during “hold acknowledge” or “grant 
sequence”. 


READY: Is the acknowledgement from the addressed memory or I/O device that will com¬ 
plete the data transfer. The RDY signal from memory or I/O is synchronized by the 82C84A 
Clock Generator to form READY. This signal is active HIGH. The 80C86 READY Input is not 
synchronized. Correct operation Is not guaranteed If the Setup and Hold Times are not met. 


INTERRUPT REQUEST; Is a level triggered input which is sampled during the last clock 
cycle of each instruction to determine If the processor should enter Into an Interrupt acknowl¬ 
edge operation. A subroutine Is vectored to via an interrupt vector lookup table located in 
system memory. It can be Internally masked by software resetting the Interrupt enable bit. 
INTR is Internally synchronized. This signal is active HIGH. 



































80C86 


Pin Description (Continued) 

The following pin function descriptions are for 80C86 interface connection to the 80C86 (without regard to 
systems in either minimum or maximum mode. The "Local additional bus buffers). 

Bus” in these descriptions is the direct multiplexed bus 


PIN 

SYMBOL NUMBER 



TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution con¬ 
tinues, otherwise the processor waits in an “Idle” state. This input is synchronized internally 
during each clock cycle on the leading edge of CLK. 


NON-MASKABLE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. A 
subroutine is vectored to via an interrupt vector lookup table located in system memory. NMI 
is not maskable internally by software. A transition from LOW to HIGH initiates the interrupt 
at the end of the current instruction. This input is internally synchronized. 


RESET: causes the processor to immediately terminate its present activity. The signal must 
transition LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts 
execution, as described in the Instruction Set description, when RESET returns LOW. RESET 
is internally synchronized. 


CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with 
a 33% duty cycle to provide optimized internal timing. 


VCC: +5V power supply pin. A 0.1 |jF capacitor between pins 20 and 40 is recommended for 
decoupling. 


GND: Ground. Note: both must be connected. A 0.1 pF capacitor between pins 1 and 20 is 
recommended for decoupiing. 


MINIMUM/MAXIMUM: Indicates what mode the processor is to operate in. The two modes 
are discussed in the following sections. 


The following pin function descriptions are for the 80C86 in which are unique to minimum mode are described; all other 
minimum mode (i.e. MN/MX = VCC). Only the pin functions pin functions are as described below. 

MINIMUM MODE SYSTEM 


PIN 

SYMBOL NUMBER 


TYPE 

DESCRIPTION 

O 

STATUS LINE: logically equivalent to S2 in the maximum mode. It is used to distinguish 
a memory access from an I/O access. M/IO becomes valid in the T4 preceding a bus 
cycle and remains valid untii the final T4 of the cycle (M = HIGH, lO = LOW). M/IO is held to 
a high impedance logic one during local bus “hold acknowledge”. 

O 

WRITE: indicates that the processor is performing a write memory or write I/O cycle, 
depending on the state of the M/IO signal. WR is active for T2, T3 and TW of any write 
cycle. It is active LOW, and is held to high impedance logic one during iocal bus “hold 
acknowledge”. 

O 

INTERRUPT ACKNOWLEDGE: is used as a read strobe for interrupt acknowledge 
cycles. It is active LOW during T2, T3 and TW of eacn interrupt acknowledge cycle. Note 
that INTA is never floated. 

O 

ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the 
82C82/82C83addresslatch. Itisa HIGH pulse active during clock LOW ofTI of any bus 
cycle. Note that ALE is never fioated. 

O 

DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use a data 
bus transceiver. It is used to controi the direction of data flow through the transceiver. 

Logically, DT/R is equivalent to SI in maximum mode, and its timing is the same as for 

M/IO (T = HIGH, R = LOW). DT/R is held to a high impedance logic one during local bus 
“hold acknowledge”. 

O 

DATA ENABLE: provided as an output enable for a bus transceiver in a minimum system 
which uses the transceiver. DEN is active LOW during each memory and I/O access and 
for INTA cycles. For a read or INTA cycle it is active from the middle of T2 until the middle 
of T4, while for a write cycle it is active from the beginning of T2 until the middle of T4. 

DEN is held to a high impedance logic one during local bus “hold acknowledge”. 
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80C86 


Pin Description (Continued) 

The following pin function descriptions are for the 80C86 in which are unique to minimum mode ^ire described; all other 
minimum mode (i.e. MN/MX = VCC). Only the pin functions pin functions are as described below. 

MINIMUM MODE SYSTEM (Continued) 

PIN 

SYMBOL NUMBER TYPE DESCRIPTION 

HOLD 31, I HOLD: indicates that another master is requesting a local bus “hold” To be a acknowl- 

HLDA 30 O edged, HOLD must be active HIGH. The processor receiving the “hold” will issue a “hold 

acknowledge” (HLDA) in the middle of a T4 or Tl clock cycle. Simultaneously with the 
issuance of HLDA, the processor will float the local bus and control lines. After HOLD is 
detected as being LOW, the processor will lower HLDA, and when the processor needs 
to run another cycle, it will again drive the local bus and control lines. 

HOLD is not an asynchronous input. External synchronization should be provided if the 
system cannot otherwise guarantee the setup time. 


The following pin function descriptions are for the 80C86 pin functions which are unique to maximum mode are 
system in maximum mode {i.e., MN/MX = GND). Only the described below. 

MAXIMUM MODE SYSTEM 
PIN 

SYMBOL NUMBER TYPE DESCRIPTION 

SO 26 O STATUS: is active during T4,T1 and T2 and is returned to the passive state {1,1,1) during 

S1^ 27 O T3 or during TW when READY is HIGH. This status is used by the 82C88 Bus Controller to 

S2 28 O generate all memory and I/O access control signals. Any change by S2, SI or SO during T4 is 

used to indicate the beginning of a bus cycle, and the return to the passive state in T3 or TW 
is used to indicate the end of a bus cycle. 

These signals are held at a high impedance logic one state during “grant sequence”. 



RQ/GTO 31, I/O REQUEST/GRANT: pins are used by other local bus masters to force the processor to 

RQ/GT1 30 release t he lo cal bus at the end of the proces sor’s current b us cycle. Each pin is bi-directional 

with RQ/GTO having higher priority than RQ/GT1. RQ/GT has an internal pull-up bus hold 
device so it may be left unconnected. The request/grant sequence is as follows (see RQ/GT 
Sequence Timing) 

1. A pulse of 1 CLK wide from another local bus master indicates a local bus request 
(“hold”) to the 80C86 (pulse 1). 

2. During a T4 orTI clock cycle, a pulse 1 CLK wide from the 80C86 to the requesting 
master (pulse 2) indicates that the 80C86 has allowed the local bus to float and that it 
will enter the “grant sequence” state at the next CLK. The CPU’s bus interface unit is 
disconnected logically from the local bus during “grant sequence”. 

3. A pulse 1 CLK wide from the requesting master indicates to the 80C86 (pulse 3) that 
the “hold” request is about to end and that the 80C86 can reclaim the local bus at the 
next CLK. The CPU then enters T4 (or Tl if no bus cycles pending). 


Each Master-Master exchange of the local bus is a sequence of 3 pulses. There must 
be one idle CLK cycle after each bus exchange. Pulses are active low. 
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Pin Description (Continued) 

The following pin function descriptions are for the 80C86 pin functions which are unique to maximum mode are 
system in maximum mode (i.e., MN/MX = GN|)). Only the described below. 


MAXIMUM MODE SYSTEM (Continued) 


SYMBOL 


PIN 

NUMBER 


TYPE 


DESCRIPTION 

If the request is made while the CPU is performing a memory cycle, it will release the 
local bus during T4 of the cycle when all the following conditions are met: 

1. Request occurs on or before T2. 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 

4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events will follow: 


LOCK 29 


QS1,QS0 24,25 


1 . Local bus will be released during the next cycle. 

2. A memory cycle will start within three clocks. Now the four rules for a cur¬ 
rently active memory cycle apply with condition number 1 already satisfied. 

O LOCK: o utput ind icates that other s ystem bus masters are not to gain control of the system 
bus while LOCK is active LOW. The LOCK signal is activated by the “LOCK” prefix instruc¬ 
tion and remains active until the completion of the next instruction. This signal is active 
LOW, and is h eld at a high impedance logic one state during “gran t sequence”. In MAX 
mode, LOCK is auto matic ally generated during T2 of the first INTA cycle and removed dur¬ 
ing T2 of the second INTA cycle. 

O QUEUE STATUS: The queue status is valid during the CLK cycle after 
which the queue operation is performed. 


QS1 and QSO provide status to allow external tracking of the internal 
80C86 instruction queue. Note that QS1, QSO never become high impedance. 


QS1 

QSO 


0 

0 

No Operation 

0 

1 

First byte of op code 



from queue 

1 

0 

Empty the Queue 


1 

Subsequent byte from 

■■ 


queue 


Functional Description 

static Operation 

All 80C86 circuitry is of static design. Internal registers, 
counters and latches are static and require no refresh as 
with dynamic circuit design. This eliminates the minimum 
operating frequency restriction placed on other 
microprocessors. The CMOS 80086 can operate from DC 
to the specified upper frequency limit. The processor clock 
may be stopped in either state (HIGH/LOW) and held there 
indefinitely. This type of operation is especially useful for 
system debug or power critical applications. 

The 80C86 can be single stepped using only the CPU 
clock. This state can be maintained as long as Is necessary. 
Single step clock operation allows simple interface circuitry 
to provide critical information for bringing up your system. 

Static design also allows very low frequency operation 
(down to DC). In a power critical situation, this can provide 
extremely low power operation since 80C86 power dissipa¬ 
tion is directly related to operating frequency. As the system 


frequency is reduced, so is the operating power until, 
ultimately, at a DC input frequency, the 80C86 power re¬ 
quirement is the standby current, (SOOpA maximum). 

Internal Architecture 

The internal functions of the 80C86 processor are parti¬ 
tioned logically into two processing units. The first is the 
Bus Interface Unit (BIU) and the second is the Execution 
Unit (EU) as shown in the CPU functional diagram. 

These units can interact directly but for the most part per¬ 
form as separate asynchronous operational processors. 
The bus interface unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic 
bus control. The overlap of instruction pre-fetching provid¬ 
ed by this unit serves to increase processor performance 
through improved bus bandwidth utilization. Up to 6 bytes 
of the instruction stream can be queued while waiting for 
decoding and execution. 
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The instruction stream queuing mechanism allows the BIU 
to keep the memory utilized very efficiently. Whenever there 
is space for at least 2 bytes in the queue, the BIU will 
attempt a word fetch memory cycle. This greatly reduces 
“dead-time” on the memory bus. The queue acts as a First- 
In-First-Out (FIFO) buffer, from which the EU extracts 
instruction bytes as required. If the queue is empty (follow¬ 
ing a branch instruction, for example), the first byte into the 
queue immediately becomes available to the EU. 

The execution unit receives pre-fetched instructions from 
the BIU queue and provides un-relocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. 

Memory Organization 

The processor provides a 20 bit address to memory, which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
00000(H) to FFFFF(H). The memory is logically divided into 
code, data, extra and stack segments of up to 64K bytes 
each, with each segment falling on 16-byte boundaries. 
(See Figure 1). 


FFFFFH 



FIGURE 1. 80C86 MEMORY ORGANIZATION 


TABLE A. 


TYPE OF 
MEMORY 
REFERENCE 

DEFAULT 

SEGMENT 

BASE 

ALTER¬ 

NATE 

SEGMENT 

BASE 

OFFSET 

Instruction Fetch 

CS 

None 

IP 

Stack Operation 

ss 

None 

SP 

Variable (except 

DS 

CS, ES, SS 

Effective 

following) 



Address 

String Source 

DS 

CS, ES, SS 

SI 

String Destination 

ES 

None 

Dl 

BP Used As Base 

SS 

CS, DS, ES 

Effective 

Register 



Address 


All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of 
programs. The segment register to be selected is automati¬ 
cally chosen according to the specific rules of Table A. All 
information in one segment type share the same logical attrib¬ 
utes (e.g. code or data). By structuring memory into 
relocatable areas of similar characteristics and by automati¬ 
cally selecting segment registers, programs are shorter, 
faster and more structured. (See Table A). 

Word (16 bit) operands can be located on even or odd 
address boundaries and are thus not constrained to even 
boundaries as is the case in many 16-bit computers. For 
address and data operands, the least significant byte of the 
word is stored in the lower valued address location and the 
most significant byte in the next higher address location. The 
BIU automatically performs the proper number of memory 
accesses, one if the word operand is on an even byte bound¬ 
ary and two if it is on an odd byte boundary. Except for the 
performance penalty, this double access is transparent to the 
software. The performance penalty does not occur for 
instruction fetches; only word operands. 

Physically, the memory is organized as a high bank (D15-D8) 
and a low bank (D7-D0) of 512K bytes addressed in parallel 
by the processor’s address lines. 

Byte data with even addresses is transferred on the D7-D0 
bus lines while odd addressed byte data (AO HIGH) is trans¬ 
ferred on the D15-D8 bus lines. The processor provides two 
enable signals, BHE and AO, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched from mem¬ 
ory as words and is addressed internally by the processor at 
the byte level as necessary. 

In referencing word data, the BIU requires one or two memory 
cycles depending on whether the starting byte of the word is 
on an even or odd address, respectively. Consequently, in 
referencing word operands performance can be optimized by 
locating data on even address boundaries. This is an espec¬ 
ially useful technique for using the stack, since odd address 
references to the stack may adversely affect the context 
switching time for interrupt processing or task multiplexing. 

Certain locations in memory are reserved for specific CPU 
operations (See Figure 2). Locations from address FFFFOH 
through FFFFFH are reserved for operations including a jump 
to the initial program loading routine. Following RESET, the 
CPU will always begin execution at location FFFFOH where 
the jump must be located. Locations OOOOOH through 
003FFH are reserved for interrupt operations. Each of the 
256 possible interrupt service routines is accessed thru its 
own pair of 16-bit pointers - segment address pointer and 
offset address pointer. The first pointer, used as the offset 
address, is loaded into the IP and the second pointer, which 
designates the base address is loaded into the CS. At this 
point program control is transferred to the interrupt routine. 
The pointer elements are assumed to have been stored at the 
respective places in reserved memory prior to occurrence of 
interrupts. 
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AVAILABLE 

INTERRUPT 

POINTERS 

(Z24) 


RESERVED 

INTERRUPT 

POINTERS 

(27) 


DEDICATED 

INTERRUPT 

POINTERS 

(5) 



CS BASE ADDRESS 
IP OFFSET 


FIGURE 2. RESERVED MEMORY LOCATIONS 

Minimum and Maximum Operation Modes 

The requirements for supporting minimum and maximum 
80C86 systems are sufficiently different that they cannot be 
met efficiently using 40 uniquely defined pins. Consequent- 
ly, the 80C86 is equipped with a strap pin (MN/MX) which 
defines the system configuration. The definition of a certain 
subset of the pins changes, dependent on the condition of 
the strap pin. When the MN/MX pin is strapped to GND, the 
80C86 defines pins through 31 and 34 in maximum 
mode. When the MN/MX pin is strapped to VCC, the 80C86 
generates bus control signals itself on pins 24 through 31 
and 34. 


Moving the bus control to the 82C88 provides better source 
and sink current capability to the control lines, and frees the 
80C86 pins for extended large system features. Hardware 
lock, queue status, and two request/grant interfaces 
are provided by the 80C86 in maximum mode. These fea¬ 
tures allow coprocessors in local bus and remote bus con¬ 
figurations. 

Bus Operation 

The 80C86 has a combined address and data bus com¬ 
monly referred to as a time multiplexed bus. This technique 
provides the most efficient use of pins on the processor 
while permitting the use of a standard 40 lead package. 
This “local bus” can be buffered directly and used through¬ 
out the system with address latching provided on memory 
and I/O modules. In addition, the bus can also be 
demultiplexed at the processor with a single set of 82C82 
address latches if a standard non-multiplexed bus is 
desired for the system. 

Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3 and T4 (see 
Figure 3). The address is emitted from the processor during 
T1 and data transfer occurs on the bus during T3 and T4. T2 
Is used primarily for changing the direction of the bus 
during read operations. In the event that a "NOT READY” 
indication is given by the addressed device, “Wait” states 
(TW) are inserted between T3 and T4. Each inserted wait 
state is the same duration as a CLK cycle. Periods can 
occur between 80C86 driven bus cycles. These are 
referred to as idle” states (Tl) or inactive CLK cycles. The 
processor uses these cycles for internal housekeeping and 
processing. 

During Tl of any bus cycle, the ALE (Address Latch Enable) 
signal is emitted (by either the processor or the 82C88 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status 
information for the cycle may be latched. 

Status bits SO, Si and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to Table B. 


The minimum mode 80C86 can be used with either a multi¬ 
plexed or demultiplexed bus. This architecture provides the 
80C86 processing power in a highly integrated form. 

The demultiplexed mode requires two 82C82 latches (for 
64K addressability) or three 82C82 latches (for a full 
megabyte of addressing). An 82C86 or 82C87 transceiver 
can also be used if data bus b ufferin g is required. (See 
Figure 6a.) The 80C86 provides DEN and DT/R to control 
the transceiver, and ALE to latch the addresses. This config¬ 
uration of the minimum mode provides the standard 
demultiplexed bus structure with heavy bus buffering and 
relaxed bus timing requirements. 

The maximum mode employs the 82C88 bus controller 
(See ^ure 6b). The 82C88 decodes status lines SO, SI 
and S2, and provides the system with all bus control 
signals. 


TABLE B. 


S2 

SI 

so 

CHARACTERISTICS 

0 

0 

0 

Interrupt 

0 

0 

1 

Read I/O 

0 

1 

0 

Write I/O 

0 

1 

1 

Halt 

1 

0 

0 

Instruction Fetch 

1 

0 

1 

Read Data from Memory 

1 

1 

0 

Write Data to Memory 

1 

1 

1 

Passive (no bus cycle) 


6 

DC 

O 

s 

0 ) 

o 

s 

o 
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Status bits S3 through S7 are ti me multiplexed with high 
order address bits and the BHE signal, and are therefore 
valid during T2 through T4. S3 and S4 indicate which segment 
register (see Instruction Set Description) was used for this bus 
cycle in forming the address, according to Table C. 


TABLE C. 


S4 

S3 

CHARACTERISTICS 

0 

0 

Alternate Data (extra segment) 

0 

1 

Stack 

1 

0 

Code or None 

1 

1 

Data 


S5 is a reflection of the PSW interrupt enable bit. S6 is 
always zero and S7 is a spare status bit. 

I/O Addressing 

In the 80C86, I/O operations can address up to a maximum 
of 64K I/O byte registers or 32K I/O word registers. The I/O 
address appears in the same format as the memory address 
on bus lines A15-A0. The address lines A19-A16 are zero 
in I/O operations. The variable I/O instructions which use 
register DX as a pointer have full address capability while 
the direct I/O instructions directly address one or two of the 
256 I/O byte locations in page 0 of the I/O address space. 

I/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the D7- 
DO bus lines and odd addressed bytes on D15-D8. Care 
must be taken to ensure that each register within an 8 bit 
peripheral located on the lower portion of the bus be 
addressed as even. 



FIGURE 4A. BUS HOLD CIRCUITRY PIN 2-16, 34-39 


Externa! Interface 

Processor RESET and Initialization 

Processor initialization or start up is accomplished with acti¬ 
vation (HIGH) of the RESET pin. The 80C86 RESET Is 
required to be HIGH for greater than 4 CLK cycles. The 
80C86 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal reset 
sequence for approximately 7 clock cycles. After this inter¬ 
val, the 80C86 operates normally beginning with the 
Instruction in absolute location FFFFOH. (See Figure 2). The 
RESET input is internally synchronized to the processor 
clock. At initialization, the HIGH-to-LOW transition of 
RESET must occur no sooner than 50|js (or 4 CLK cycles, 
whichever is greater) after power-up, to allow complete 
initialization of the 80C86. 

NMI will not be recognized prior to the second CLK cycle 
following the end of RESET. If NMI is asserted sooner than 
nine clock cycles after the end of RESET, the processor 
may execute one instruction before responding to the inter¬ 
rupt. 

Bus Hold Circuitry 

To avoid high current conditions caused by floating inputs 
to CMOS devices and to eliminate need for pull-up/down 
resistors, “bus-hold” circuitry has been used on the 80C86 
pins 2-16, 26-32 and 34-39. (See Figure 4a and 4b). These 
circuits will maintain the last valid logic state if no driving 
source is present (i.e. an unconnected pin or a driving 
source which goes to a high impedance state). To overdrive 
the “bus hold” circuits, an external driver muslT3e capable 
of supplying approximately 400iiA minimum sink or source 
current at valid input voltage levels. Since this “bus hold” 
circuitry Is active and not a “resistive” type element, the 
associated power supply current is negligible and power 
dissipation is significantly reduced when compared to the 
use of passive pull-up resistors. 



FIGURE 4B. BUS HOLD CIRCUITRY PIN 26-32 
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and the 82C88 bus controller issues one ALE. The 80C86 
will not leave the “HALT” state when a local bus “hold” is 
entered while In “HALT”. In this case, the processor 
reissues the HALT indicator at the end of the local bus hold. 
An NMI or interrupt request (when Interrupts enabled) or 
RESET will force the 80C86 out of the “HALT” state. 

Read/Modffy/Wnte (Semaphore) 

Operations Via Lock 

The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the 
execution of an instruction. This gives the processor the 
capability of performing read/modify/write operations on 
memory (via the Exchange Register With Memory instruc¬ 
tion, for example) without another system bus master 
receiving intervening memory cycles. This is useful in 
multiprocessor system configur ations to accomplish “test 
and set lock” operations, the LOCK signal is activated 
(forced LOW) In the clock cycle following decoding of the 
software “LOCK” prefix instruction. It is deactivated at the 
end of the last bus cycle of the instru ction following the 
“LOCK” prefix instruction. While LOCK is active a request 
on a RQ/G T pin will be recorded and then honored at the 
end of the LOCK. 

External Synchronization Via TEST 

As an alternative to interrupt s, the 80C86 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. The single WAIT instruction is 
repeatedly executed until the TEST input goes active 
(LOW). The execution of WAIT does not consume bus 
cycles once the queue is full. 

If a local bus request occurs during WAIT execution, the 
80C86 three-states all output drivers while inputs and I/O 
pins are held at valid logic levels by internal bus-hold 
circuits. If interrupts are enabled, the 80C86 will recognize 
interrupts and process them when it regains control of the 
bus. The WAIT instruction is then refetched, and 
reexecuted. 


TABLE D. 80C86 REGISTER MODEL 


ACCUMULATOR 

BASE 

COUNT 

DATA 


STACK POINTER 
BASE POINTER 
SOURCE INDEX 
DESTINATION INDEX 


INSTRUCTION POINTER 
STATUS FLAGS 


CODE SEGMENT 
DATA SEGMENT 
STACK SEGMENT 
EXTRA SEGMENT 


AH 

AL 

BH 

BL 

CH 

CL 

DH 

DL 


t 

SP 

BP 

SI 

Dl 




ri 

IP 

FLAGSh I FLAGSl 




cs 


DS 

SS 


ES 


Basic System Timing 

Typical system configurations for the processor operating 
in minimum mode and in maximum mode are shown in 
Figur^BA and 6B, respectively. In minimum mode, the 
MN/MX pin is strapped to VCC and the processor emits bus 
control signals (e.g . RD, WR, etc.) directly. In maximum 
mode, the MN/MX pin is strapped to GND and the proces¬ 
sor emits coded status information which the 82C88 bus 
controller uses to generate MULTIBUS” compatible 
bus control signals. Figure 3 shows the signal timing 
relationships. 

System Timing - Minimum System 

The read cycle begins in T1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low-going) 
edge of this signal is used to latch the address information, 
which is valid on the address/data bus (AD0 -AD15) at this 
time, into the 82C82/82C83 latch. The BHE and AO signals 
address the low, high or both bytes. From T1 to T4 the M/IO 
signal indicates a memory or I/O operation. At T2, the 
address is removed from the address/data bus and the bus 
is held at the last valid logic state by internal bus hold 
devices. The read control signal is also asserted at T2. The 
read (RD) signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later, valid data 
will be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns the 
read signal to a HIGH level, the addressed device will again 
three-state its bus drivers. If a transceiver (82C86/82C87) 
is req uired to buffer the 80C86 local bus, signals DT/R and 
DEN are provided by the 80C86. 

A write cycle also begins with th^assertion of ALE and the 
emission of the address. The M/IO signal is again asserted 
to indicate a memory or I/O write operation. In T2, 
immediately following the address emission, the processor 
emits the data to be written into the addressed location. This 
data remains valid until at least the middle of T4. During T2, 
T3 and TW, the processor asserts the write control signal. 
The write (WR) signal becomes active at the beginning of T2 
as opposed to the read which is delayed somewhat Into T2 
to provide time for output drivers to become inactive. 

The BHE and AO signals are used to select the proper 
byte(s) of the memory/IO word to be read or written accord¬ 
ing to Table E. 


TABLE E. 


BHE 

AO 

CHARACTERISTCS 

0 

0 

Whole word 

0 

1 

Upper byte from/to odd address 

1 

0 

Lower byte from/to even address 

1 

1 

None 


I/O ports are addressed in the same manner as memory lo¬ 
cation. Even addressed bytes are transferred on the D7-D0 
bus lines and odd address bytes on D15-D8. 
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FIGURE 6B. MAXIMUM MODE 80C86 TYPICAL CONFIGURATION 
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The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge 
signal (INTA) is asserted in place of the read (RD) signal and 
the address bus is held at the last valid logic state by Inter¬ 
nal bus hol d dev ices. (See Figure 4). In the second of two 
successive INTA cycles a byte of information is read from 
the data bus (D7-D0) as supplied by the interrupt system 
logic (i.e. 82C59A Priority Interrupt Controller). This byte 
identifies the source (type) of the Interrupt. It is multiplied by 
four and used as a pointer into an interrupt vector lookup 
table, as described earlier. 

Bus Timing - Medium Size Systems 
For medium complexity systems the MN/MX pin is con¬ 
nected to GND and the 82C88 Bus Controller Is added to 
the system as well as an 82C82/82C83 latch for latching 
the system address, and an 82C86/82C87 transceiver to 
allow for bus loading g reate r than the 80C86 is capable of 
handling. Signals ALE, DEN, and DT/R are generated by the 
82C88 instead of the processor in this configuration, 
although their timing remains relatively the same. The 80C86 


status outputs (S2, Si and SO) provide type-of-cycle 
information and become 82C88 inputs. This bus cycle infor¬ 
mation specifies read (code, data or I/O), write (data or I/O), 
interrupt acknowledge, or software halt. The 82C88 issues 
control signals specifying memory read or write, I/O read or 
write, or interrupt acknowledge. The 82C88 provides two 
types of write strobes, normal and advanced, to be applied 
as required. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not valid at 
the leading edge of write. The 82C86/82C87 transceiv^ 
receives the usual T and OE inputs from the 82C88 DT/R 
and DEN signals. 

The pointer into the interr upt vector table, which is passed 
during the second INTA cycle, can be derived from an 
82C59A located on either the local bus or the system bus. If 
the master 82C59A Priority Interrupt Controller is posi¬ 
tioned on the local bus, the 82C86/82C87 transceiver must 
be disabled when reading from the master 82C59A during 
the interrupt acknowledge sequence and software "poll”. 
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Absolute Maximum Ratings 

Supply Voltage.+8.0V 

Input, Output or I/O Voltage Applied .... GND-0.5V to VCC+0.5V 

Storage Temperature Range.-650C to+150^0 

Junction Temperature.+1750C 

Lead Temperature {Soldering 10 sec).+300^0 

ESD Classification.Class 1 


Reliability information 

Thermal Resistance 0ja ®jc 

Ceramic DIP Package. 27.50C/W 5.90C/W 

Ceramic LCC Package. 62.20C/W 8.60C/W 

Maximum Package Power Dissipation at 4-1250C 

Ceramic DIP Package. 620mW 

Ceramic LCC Package. 664mW 

Gate Count.9750 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

operating Supply Voltage.+4.5V to +5.5V Operating Temperature Range: C80C86/-2.O^C to +70OC 

M80C86-2ONLY. +4.75Vto+5.25V I80C86/-2. -40OCto+85OC 

M80C86/-2.-550C to +1 25^0 


D.C. Electrical Specifications Vcc = s.ov ± io% 

Vcc = 5.0V ± 10 %; 
Vcc = 5.0V ± 10%; 
Vcc = 5.0V ± 5%: 


SYMBOL 

VIH 


Ta = OOC to +70OC (C80C86, C80C86-2) 
Ta = -40OC to +850C (I80C86, I80C86-2) 
Ta = -550C to +1250C (M80C86) 

TA = -550C to +1250C (M80C86-2) 


PARAMETER 


TEST CONDITIONS 


Logical One 
Input Voltage 


Logical Zero Input Voltage 


CLK Logical One Input Voltage 


CLK Logical Zero Input Voltage 


Output High Voltage 


Output Low Voltage 


Input Leakage Current 


Input Current-Bus Hold High 


Input Current-Bus Hold Low 


Output Leakage Current 


Standby Power Supply Current 


Operating Power Supply Current 



C80C86, I80C86 (Note 5) 
M80C86 (Note 5) 



lOH = -2.5mA 
I OH = --100M 


0.4 

V 

lOL = +2.5mA 

1.0 


VIN - GND or VCC DIP 

Pins 17-19, 21-23, 33 

-400 

yuA 

VIN = 3.0V (Note1) 

400 

M 

VIN - 0.8V (Note 2) 

-10.0 

M 

VOUT - GND 
(Note 4) 

500 


Vcc = 5.5V (Note 3) 

10 

mA/MHz 

FREQ = Max, VIN = VCC or 
GND, Outputs Open 


Capacitance Ta = 250c 


SYMBO L 

GIN 


PARAMETER 


Input Capacitance 


TYPICAL 




TEST CONDITIONS 



PF 

FREQ = 1MHz All 
measurements are referenced 
to device GND 

PF 


pF 


Output Capacitance 


I/O Capacitance 


NOTES 1. IBHH should be measured after raising VIN to Vqq and then lowering to 3.0V on the following pins. 2-16, 26-32, 34-39 

2. IBHL should be measured after lowering VIN to GND and then raising to 0.8V on the following pins; 2-16, 34-39 

3. ICCSB tested during clock high time after halt instruction executed. VIN = Vqq or GND, Vqq = 5.5V, Outputs unloaded 

4 10 should be measured by putting the pm in a high impedance state and then driving Vqut to GND on the following 

pins: 26-29 and 32. 

5. MN/MX Is a strap option and should be held to Vqq or GND 



CAUTION; These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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Specifications 80C86 


A.C. Electrical Specifications 


Vcc = 5.0V ± 10 %; 

Vcc = 5.0V ± 10%: 

Vcc = 5.0V ± 10 %: 
Vcc = 5.0V ± 5%: 


Ta = OOC to +70OC (C80C86, C80C86-2) 
Ta = -40OC to +850C (I80C86, I80C86-2) 
Ta = “SSOC to +1250C (M80C86) 

Ta = - 550 c to +I 25 OC (M80C86-2) 


MINIMUM COMPLEXITY SYSTEM 





80C86-2 

80C86 



-1 


SYMBOL 

PARAMETER 

MIN 1 

MAX 

_M'N 

MAX 

UNITS 

TEST CONDITIONS 


TIMING REQUIREMENTS 

-1 

(1) 

TCLGl 

CLK Cycle Period 

125 


200 


ns 


( 2 ) 

TCLCH 

CLK Low Time 

68 


118 


ns 


(3) 

TCHCL 

CLK High Time 

44 


69 


ns 


(4) 

TCH1CH2 

CLK Rise Time 


10 


10 

ns 

From 1.0V to 3 5V 

(5) 

TCL2CL1 

CLK Fall Time 


10 


10 

ns 

From 3.5V to 1.0V 

(6) 

TDVCL 

Data In Setup Time 

20 


30 


ns 


(7) 

TCLDX1 

Data In Hold Time 

10 


10 


ns 


( 8 ) 

TR1VCL 

RDY Setup Time into 
82C84A (Notes 1, 2) 

35 


35 


ns 


(9) 

TCLR1X 

RDY Hold Time into 
82C84A (Notes 1, 2) 

0 


0 


ns 


( 10 ) 

TRYHCH 

READY Setup Time 
into 80C86 

68 


118 


ns 


( 11 ) 

TCHRYX 

READY Hold Time 
into 80C86 

20 


30 


ns 


( 12 ) 

TRYLCL 

READY Inactive to 
CLK (Note 3) 

-8 


-8 


ns 


(13) 

THVCH 

HOLD SetuD Time 

20 


35 


ns 


(14) 

TINVCH 

INTR, NMI, TEST 
Setup Time (Note 2) 

15 


30 


ns 


(15) 

TILIH 

Input Rise Time 
(Except CLK) 


15 


15 

ns 

From 0.8V to 2.0V 

(16) 

TIHIL 

Input Fall Time 
(Except CLK) 


15 


15 

ns 

From 2.0V to 0.8V 


TIMING RESPONSES | 

(17) 

TCLAV 

Address Valid Delay 

10 

60 

10 

110 

ns 

CL = 

lOOpF 

(18) 

TCLAX 

Address Hold Time 

10 


10 


ns 



(19) 

TCLAZ 

Address Float Delay 

TCLAX 

50 

TCLAX 

80 

ns 



( 20 ) 

TCHSZ 

Status Float Delay 


50 


80 

ns 



( 21 ) 

TCHSV 

Status Active Delay 

10 

60 

10 

110 

ns 



( 22 ) 

TLHLL 

ALE Width 

TCLCH-10 


TCLCH-20 


ns 



(23) 

TCLLH 

ALE Active Delay 


50 


80 

ns 



(24) 

TCHLL 

ALE Inactive Delay 


55 


85 

ns 



(25) 

TLLAX 

Address Hold Time 
to ALE Inactive 

TCHCL-10 


TCHCL-10 


ns 



(26) 

TCLDV 

Data Valid Delay 

10 

60 

10 

110 

ns 



(27) 

TCLDX2 

Data Hold Time 

10 


10 


ns 



(28) 

TWHDX 

Data Hold Time 

After WR 

TCLCL-30 


TCLCL-30 


ns 



(29) 

TCVCTV 

Control Active Delayl 

10 

70 

10 

110 

ns 



(30) 

TCHCTV 

Control Active Delay2 

10 

60 

10 

110 

ns 



(31) 

TCVCTX 

Control Inactive 

Delay 

10 

70 

10 

110 

ns 



(32) 

TAZRL 

Address Float to 

READ Active 

0 


0 


ns 



(33) 

TCLRL 

RD Active Delay 

10 

100 

10 

165 

ns 



(34) 

TCLRH 

rC) Inactive Delay 

10 

80 

10 

150 

ns 



(35) 

TRHAV 

RD Inactive to Next 
Address Active 

TCLCL-40 


TCLCL-45 


ns 



(36) 

TCLHAV 

HLDA Valid Delay 

10 

Too 

10 

160 

ns 



(37) 

TRLRH 

^ Width 

2TCLCL-50 


2TCLCL-75 


ns 



(38) 

TWLWH 

WR Width 

2TCLCL-40 


2TCLCL-60 


ns 



(39) 

TAVAL 

Address Valid to 

ALE Low 

TCLCH-40 


TCLCH-60 


ns 



(40) 

TOLOH 

Output Rise Time 


15 


20 

ns 

From 0.8V to 2.0V 

(41) 

TOHOL 

Output Fall Time 


15 


20 

ns 

From 2.0V to 0.8V 


NOTES 1 Signal at 82C84A shown for reference only 

2 Setup requirement for asynchronous signal only to guarantee recognition at next CLK 

3 Applies only to T 2 state ( 8 ns into T 3 ) 
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80C86 


Waveforms 

BUS TIMING - MINIMUM MODE SYSTEM 



NOTE; 1. Signals at 82C84A are shown for reference only. RDY is sampled near the end of T2, T3, TW to determine if 
TW machine states are to be inserted. 
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80C86 



WRITE CYCLE 


IFU), INTA, 
DT/R = VOH) 


TCVCTV H(29)^ 
- 


I ^ 

(29) TCVCTV 


INTA CYCLE 
_ 1 
(RD, WR = VOH 

BHE = Vol 


|29)tcvctv - 


SOFTWARE 

AD15-AD0 
_ DEN, RP, ° 

V^,INTA = VoH 

DT/R = INDETERMINATE 


(29) TCVCTV - 


INVALID ADDRESS 


-^r 


TCVCTX -1^ (31) 1- 
i- TDVCL -H(6) ■ 


-TCLDX1 (7) 








TCVCTX -J 

(31) 

r 




SOFTWARE HALT 




NOTE: 1. Two INTA cycles run back-to-back. The 80C8 6 loc al ADDR/DATA bus is floating during both INTA 
cycles. Control Signals are shown for the second INTA cycle. 
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Specifications 80C86 


A.C. Electrical Specifications Vcc = s.ov ± 10 %; Ta = ooc to +70oc (csocse, C80C86-2) 

Vcc = 5.0V ± 10%; Ta = -40OC to +850C {I80C86, C80C86-2) 
Vcc = 5.0V ± 10 %: Ta = -550c to +1250C (M8OC86) 

Vcc = 5.0V ± 5%; TA = -550C to +1250C (M80C86-2) 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 


TIMING REQUIREMENTS 


SYMBOL 

PARAMETER 

(1) TCLCL 

CLK Cycle Period 

(2) TCLCH 

CLK Low Time 

(3) TCHCL 

CLK High Time 

{4)TCH1CH2 

CLK Rise Time 

(5)TCL2CL1 

CLK Fall Time 

(6 TDVCL 

Data in Setup Time 

(7)TCLDX1 

Data In Hold Time 

(8)TR1VCL 

RDY Setup Time into 82C84A 
(Notes 1, 2) 

(9)TCLR1X 

RDY Hold Time into 82C84A 
(Notes 1, 2) 

(10)TRYHCH 

READY Setup Time into 80C86 

(11)TCHRYX 

READY Hold Time into 80C86 

(12)TRYLCL 

READY Inactive to CLK (Note 3) 

(13)TINVCH 

Setup Time for Recognition 
(INTR.NMI, TEST) (Note 2) 

(14)TGVCH 

Setup Time 

(15)TCHGX 

RQ Hold Time into 80C86 (Note 4) 

(16) TILIH 

Input Rise Time (Except CLK) 

(17) TIHIL 

Input Fall Time (Except CLK) 

TIMING RESPONSES 

HJQQJIIII 

Command Active Delay (Note 1) 

(19)TCLMH 

Command Inactive (Note 1) 

(20)TRYHSH 

READY Active to Status Passive 
(Notes 3, 5) 

(21)TCHSV 

Status Active Delay 

(22)TCLSH 

Status Inactive Delay (Note 5) 

(23)TCLAV 

Address Valid Delay 

(24)TCLAX 

Address Hold Time 

(25)TCLAZ 

Address Float Delay 

(26)TCHSZ 

Status Float Delay 

(27)TSVLH 

Status Valid to ALE High (Note 1) 

(28)TSVMCH 

Status Valid to MCE High (Note 1) 

(29) TCLLH 

CLK low to ALE Valid (Note 1) 

(30)TCLMCH 

CLK low to MCE High (Note 1) 

(31)TCHLL 

ALE Inactive Delay (Note 1) 

(32)TCLMCL 

MCE Inactive Delay (Note 1) 

(33) TCLDV 

Data Valid Delay 

(34)TCLDX2 

Data Hold Time 

(35)TCVNV 

Control Active Delay (Note 1) 



CL = lOOpF 
for all 80C86 
Outputs (In addition 
to 80C86 self-load) 
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Specifications 80C86 




(47)T0H0L 


Direction Control Active Delay 
(Note 1) 


Direction Control Inactive Delay 
(Note 1) 


GT Active Delay 


GT Inactive Delay 


Output Rise Time 


Output Fall Time 


1 Signal at 82C84A or 82C88 shown for reference only 

2 Setup requirement for asynchronous signal only to guarantee recognition at next CLK 

3 Applies only to T2 state (8 nanoseconds into T3) 

4 The 80C86 actively pulls the RQ/GT pm to a logic one on the following clock low time 

5 Status lines return to their inactive (logic one) state after CLK goes low and READY goes high 
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80C86 


Waveforms 

BUS TIMING - MINIMUM MODE SYSTEM (Using 82C88) 



NOTE: 1. Signals at ,82C84A or 82C88 are shown for reference only. RDY is sampled near the end of T2, T3, TW to 
determine if TW machine states are to be inserted. 

2. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, lORC, lOWC, AlOWC, 
IFTtA, and DEN) lags the active high 82C88 CEN. « ' 

3. Status inactive in state just prior to T4. 
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80C86 


Waveforms (Continued) 

BUS TIMING - MAXIMUM MODE (USING 82C88) (Continued) 



NOTES 1 Signals at 82C84A or 82C88 are shown for reference only. 

2 The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, lORC, lOWC, 
AlOWC, INTA and DEN) lags the active high 82C88 CEN. 

3 Status inactive in state just prior to T4 

4. Cascade address is valid between first and second INTA cycles 

5 Two INTA cycles run back-to-back. The 80C86 local A DDR/ DATA bus is floating during both INTA 
cycles Control for pointer address is shown for second INTA cycle 
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80C86 


Waveforms (Continued) 

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 



NOTE: The coprocessor may not drive the busses outside the region shown without risking contention 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



ASYNCHRONOUS SIGNAL RECOGNITION 


_ fy. 


1131 

TINVCH (see note) 
- f 


NOTE: Setup requirements for asynchronous signals only to guarantee 
recognition at next CLK 


BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 

[—Any CLK Cycle *-| 


CLK 


s 

\ 




[-• Any CLK Cycle"-j 

1V. ^ 


r TCLAV 

I23I 


I23) 

•■TCLAV 
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80C86 



A.C. Test Circuit 


A.C. Testing input. Output Waveform 


OUTPUT FROM 
DEVICE UNDER TEST 


VIH + 20% VIH 


‘Includes stay and jig capacitance 


VIL - 50%V1L 


A.C. Testing: All input signals (other than CLK) must switch between 
VlLmax -50% VIL and VIHmin +20% VIH. CLK must switch 
between 0.4V and VCC -0.4. Input rise and fall times are 
driven at InsA/. 
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80C86 



NOTES: 

1. VCC = 5.5V ± 0.5V, GND * OV 

2. Input Voltage Limits (Except Clock): 

VIL (Maximum)» 0.4V 

VIH (Minimum) = 2.6V. VIH(ciock) ” <VCC - 0.4V) Min 

3. VCC/2 is external supply set to 2.7V ±10% 

4. VCL is generated on program card (VCC - 0.65V) 

5. Pins 13-16 input sequenced Instructions from internal hold devices. 

6 . FO » 100kHz ± 10% 

7. Node s a 40ps pulse every 2.56ms 


COMPONENTS: 

1. Rl = lOkn ± 5%, 1/4W 

2. RO = 1.2kn ± 5%, 1/4W 

3. RIO = 2.7kn ± 5%, 1/4W 

4. RC = Ikfl ± 5%, 1/4W 

5. C = 0.01 pF (Minimum) 




80C86 


Burn-!n Circuits (Continued) 


MR80C86 CERAMIC LCC 



NOTES: 

1. VCC = 5.5V ± 0.5V. GND = OV 

2. Input Voltage Limits (Except Clock): 

VIL (Maximum) = 0 4V 

VIH (Minimum) = 2.6V, VIH(ciock) = (VCC - 0.4V) Min 

3. VCC/2 is external supply set to 2.7V ± 10% 

4. VCL is generated on program card (VCC - 0.65V) 

5. FO = 100kHz ± 10% 

6 . Node (§) = a 40(jis pulse every 2.56ms 


COMPONENTS: 

1. Rl = lOkn ± 5%, 1/4W 

2. RO = 1.2kn ± 5%, 1/4W 

3. RIO = 2.7kn ± 5%, 1/4W 

4. RC = 1 kn ± 5%, 1 /4W 

5. C = 0.01 fiF (Minimum) 
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80C86 


Metallization Topology 

DIE DIMENSIONS: 

249.2 X 290.9 x 19 ± 1 mils 
METALLIZATION: 

Type; Silicon ~ Aluminum 
Thickness: 11kA ± 2kA 
GLASSIVATION: 

Type: Nitrox 
Thickness: 10kA ± 2kA 
DIE ATTACH: 

Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460OC (Max) 

Ceramic LCC — 420^0 (Max) 

WORST CASE CURRENT DENSITY: 

1.5 X 105 A/cm2 

Metallization Mask Layout 

80C86 


AD11 ADI 2 AD13AD14 GND VCC AD15 A16/S3 AI 7/94 A18/S5 



NMI INTR CLK 


GND 


RESET READY TEST QS1 


QSO 


































































































































80C86 


INSTRUCTION SET SUMMARY 


Mnemonic and 

_ Peacrlptlon _ 

DATA TRANSFER 
MOV = Move: 

Register/Memory to/from Register 
Immediate to Register/Memory 
immediate to Register 
Memory to Accumulator 
Accumulator to Memory 
Register/Memory to Segment Register* 
Segment Register to Register/Memory 


Instruction Code 


76543210 


10001Odw 


1 1 0001 1w 
1 0 1 1 w reg 
1 01OOOOw 


1010001w 


10001110 


1 0001 1 00 


76543210 


mod reg r/m 
mod 0 0 0 r/m 


mod 0 reg r/m 
mod 0 reg r/m 


76543210 


76643210 


PUSH = Push: 


Register/Memory 


Segment Register 

POP = Pop: 

Register/Memory 


Segment Register 

XCHQ = Exchange: 

Register/Memory with Register 
Register with Accumuiator 

IN = Input from: 


OUT = Output to: 


0 1 0 1 0 reg 
0 0 0 reg 1 10 


01 01 1 reg 
0 0 0 reg 11 1 


1000011w 


1 0 0 1 0 reg 


1 1 1 001Ow 
1 1 101 1 Ow 


1 1 1 00 1 1 w 
1 1 1 0 1 1 1 w 


mod 1 1 0 r/m 


mod 0 0 0 r/m 


mod reg r/m 


XLAT = Translate Byte to AL 
LEA = Load EA to Register 
LDS = Load Pointer to DS 
LES = Load Pointer to ES 
LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 
POPF = Pop Flags 


1 1 0001 00 


10011110 

10011100 


mod reg r/m 
mod reg r/m 
mod reg r/m 
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INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and 
Description 


Instruction Code 


ARITHMETIC 
ADO Add; 

Reg./Memory with Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 


76543210 


OOOOOOdw 
1 OOOOOsw 


000001Ow 


76543210 76543210 


mod reg r/m 
mod 0 0 0 r/m 


76543210 


data If s:w 01 


ADC - Add with Carry: 

Reg /Memory with Register to Either 
Immediate to Register/Memory 


Immediate to Accumulator 


0001OOdw 
1 OOOOOsw 


000101Ow 


mod reg r/m 
mod 0 1 0 r/m 


data if siw = 01 


INC = Increment: 

Register/Memory 


AAA = ASCII Adjust for Add 
DAA = Decimal Adjust for Add 

SUB = Subtract: 

Reg./Memory and Register to Either 
Immediate from Register/Memory 
Immediate from Accumulator 


1 1 1 1 1 1 1 w 
0 1 0 0 0 reg 
00110111 


00100111 


00 1 01Odw 
1 OOOOOsw 


00 1 011Ow 


mod 0 0 0 r/m 


mod reg r/m 
mod 1 0 1 r/m 


data if s:w = 01 


SBB = Subtract with Borrow 

Reg./Memory and Register to Either 
Immediate from Register/Memory 
Immediate from Accumulator 


00011Odw 
1 OOOOOsw 


000111Ow 


mod reg r/m 
mod 0 1 1 r/m 


data if s:w = 01 


DEC = Decrement; 

Register/Memory 


NEQ - Change Sign 
CMP = Compare: 

Register/Memory and Register 
Immediate with Register/Memory 
Immediate with Accumulator 
AAS = ASCII Adjust for Subtract 
DAS = Decimal Adjust for Subtract 
MUL Multiply (Unsigned) 

IMUL Integer Multiply (Signed) 

AAM = ASCII Adjust for Multiply 
DIV = Divide (Unsigned) 

IDIV = Integer Divide (Signed) 

AAD = ASCII Adjust for Divide 
CBW - Convert Byte to Word 
CWD = Convert Word to Double Word 


1 1 1 1 1 1 1 w 
0 10 0 1 reg 
1 1 1 1 0 1 1 w 


00 1 11Odw 
1 OOOOOsw 


001111 Ow 
00111111 


00101111 
1 1 1 1 0 1 1 w 


1 1 1 1 0 1 1 w 
11010100 


1 1 1 1 0 1 1 w 
1 1 1 1 0 1 1 w 


1 001 1 000 


mod 0 0 1 r/m 


mod 0 1 1 r/m 


mod reg r/m 
mod 1 1 1 r/m 


mod 1 0 0 r/m 
mod 1 0 1 r/m 


00001010 
mod 1 1 0 r/m 


mod 1 1 1 r/m 
00001010 


data If 8:w = 01 
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INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and 
Description 


NOT = Invert 

SHL/SAL = Shift Logical/Arithmetic Left 

SHR = Shift Logical Right 

SAR = Shift Arithmetic Right 

ROL = Rotate Left 

ROR = Rotate Right 

RCL = Rotate Through Carry Flag Left 

RCR = Rotate Through Carry Right 


Instruction Code 


76543210 
1 1 1 1 0 1 1 w 


1101OOvw 
110 1 OOvw 


110 1 OOvw 
1101OOvw 


1 1 01OOvw 
1101OOvw 


1101OOvw 


76543210 

mod 0 1 0 r/m 


mod 1 0 0 r/m 
mod 1 0 1 r/m 


mod 1 1 1 r/m 
mod 0 0 0 r/m 


mod 0 0 1 r/m 
mod 0 1 0 r/m 


mod 0 1 1 r/m 


76543210 


76543210 


Reg./Memory and Register to Either 1 

Immediate to Register/Memory 1 

Immediate to Accumulator | 

TEST = And Function to Flags, No Result: 
Register/Memory and Register j 

Immediate Data and Register/Memory | 
Immediate Data and Accumulator I 


Reg /Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 


00 1 OOOdw 
1 OOOOOOw 


001001Ow 


1 0000 1 Ow 


1 1 1 1 0 1 1 w 
10101OOw 


00001Odw 
1 OOOOOOw 


000011Ow 


mod reg r/m 
mod 1 0 0 r/m 


mod 0 0 0 r/m 


mod reg r/m 
mod 0 0 1 r/m 


XOR = Exclusive or: 


Reg./Memory and Register to Either 
Immediate to Register/Memory 
Immediate to Accumulator 

STRING MANIPULATION 
REP = Repeat 
MOVS = Move Byte/Word 
CMPS = Compare Byte/Word 
SCAS = Scan Byte/Word 
LCDS = Load Byte/Wd to AL/AX 
STOS = Stor Byte/Wd from AL/A 

CONTROL TRANSFER 
CALL = Call: 


00 1 1 OOdw 


1 OOOOOOw 


001101Ow 


1 01001Ow 


1 0 1 001 1w 


1 0 1 0 1 1 1 w 


1 0101 1 Ow 
1 0 1 0 1 0 1 w 


mod reg r/m 
mod 1 1 0 r/m 


Direct Within Segment 
Indirect Within Segment 
Direct Intersegment 


1110 1000 


10011010 


mod 0 1 0 r/m 


offset-high 


Indirect Intersegment 


mod 0 1 1 r/m 
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INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and 
_ Description 

JMP = Unconditional Jump; 

Direct Within Segment 
Direct Within Segment-Short 
Indirect Within Segment 
Direct Intersegment 


Instruction Code 


76543210 


11101010 


76543210 


mod 1 0 0 r/m 


76543210 


offset-high 


Indirect Intersegment 

RET = Return from CALL; 

Within Segment 

Within Seg Adding Immed to SP 
Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 
JL/JNGE = Jump on Less/Not Greater 
or Equal 

JLE/JNQ = Jump on Less or Equal/ 

Not Greater 

JB/JNAE = Jump on Below/Not Above 
or Equal 

JBE/JNA = Jump on Below or Equal/ 

Not Above 

JP/JPE = Jump on Parity/Parity Even 
JO = Jump on Overflow 
JS = Jump on Sign 

JNE/JNZ = Jump on Not Equal/Not Zero 

JNL/JQE == Jump on Not Less/Greater 
or Equal 

JNLE/JG = Jump on Not Less or Equal/ 
Greater 

JNB/JAE = Jump on Not Below/Above 
or Equal 

JNBE/JA - Jump on Not Below or 
Equal/Above 

JNP/JPO = Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop CX Times 

LOOPZ/LOOPE ^ Loop While Zero/Equal 

LOOPNZ/LOOPNE » Loop While Not 
Zero/Equal 

JCXZ = Jump on CX Zero 

INT = interrupt 
Type Specified 
Types 

INTO = Interrupt on Overflow 
IRET = Interrupt Return 


mod 1 0 1 r/m 


1 1000010 


11001010 

01110100 


01111100 


01111110 


01110010 


01110110 


01111010 
01 1 10000 


0 111 1000 


01110101 


01111101 


01111111 


01110011 


01110111 


01111011 
0 1 1 1 000 1 


01111001 
1 1 100010 


11100000 


11001100 
11001110 







INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and 

Description 



76543210 

PROCESSOR CONTROL 


CLC = Clear Carry 

11111000 1 

CMC Complement Carry 

11110101 1 

STC = Set Carry 

11111001 1 

CLD = Clear Direction 

11111100 1 

STD = Set Direction 

11111101 1 

CLI = Clear Interrupt 

11111010 I 

STI = Set Interrupt 

11111011 1 

HLT = Halt 

11110100 I 

WAIT = Wait 

10011011 1 

ESC = Escape (to External Device) 

1 101 1 XXX 1 

LOCK = Bus Lock Prefix 

11110000 1 


NOTES: 

AL == 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive; 

Less = less positive (more negative) signed values 
if d = 1 then “to” reg; if d = 0 then “from” reg 
if w = 1 then word instruction; if w = 0 then byte instruc¬ 
tion 

if mod = 11 then r/m is treated as a REG field 
If mod = 00 then DISP = 0*, disp-low and disp-high are 
absent 

if mod = 01 then DISP = disp-low sign-extended to 
16 bits, disp-high Is absent 


if mod = 

^ 10 

then 

DISP : 

= disp-high: disp-low 

if r/m = 

000 

then 

EA = 

(BX) -f (SI) + DISP 

if r/m = 

001 

then 

EA = 

(BX) + (Dl) + DISP 

if r/m = 

010 

then 

EA = 

(BP) + (SI) + DISP 

if r/m = 

oil 

then 

EA = 

(BP) + (Dl) + DISP 

if r/m = 

100 

then 

EA = 

(SI) + DISP 

if r/m = 

101 

then 

EA = 

(Dl) + DISP 

if r/m = 

110 

then 

EA = 

(BP) + DISP* 

if r/m = 

111 

then 

EA = 

(BX) + DISP 

DISP follows 

2nd 

byte 

of instruction (before data if re- 

quired) 






*except if mod = 00 and r/m =110 then EA = disp- 
high: disp-low. 

••MOV CS, REG/MEMORY not allowed. 


3 - 


Instructlon Code 


76543210 


mod XXX r/m 


if s:w = 01 then 16 bits of immediate data form the oper¬ 
and. 

if s;w = 11 then an immediate data byte is sign extended 
to form the 16-blt operand. 

if V = 0 then “count” = 1; if v = 1 then “count” in (CL) 
X = don’t care 

z is used for string primitives for comparison with ZF FLAG. 

SEGMENT OVERRIDE PREFIX 


0 0 1 reg 1 1 0 


REG is assigned according to the following table: 


16-Blt(w - 1) 

8-Bit (w = 0) 

Segment 

000 

AX 

000 

AL 

00 

ES 

001 

CX 

001 

CL 

01 

CS 

010 

DX 

010 

DL 

10 

SS 

011 

BX 

011 

BL 

11 

DS 

100 

SP 

100 

AH 



101 

BP 

101 

CH 



110 

SI 

110 

DH 



111 

Dl 

111 

BH 




Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 

FLAGS = 

X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:{AF):X:(PF):X:(CF) 



Mnemonics ® Intel, 1978 
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CMOS 8/16 Bit Microprocessor 


Features 

• Compatible with NMOS 8088 

• Direct Software Compatibility with 80C86, 8086, 
8088 

• 8 Bit Data Bus Interface; 16 Bit Internal Architecture 

• Completely Static CMOS Design 

► DC..5MHz(80C88) 

► DC.8MHz (80C88-2) 

• Low Power Operation 

► ICCSB.SOOjjA Maximum 

► ICCOP.lOmA/MHz Maximum 

• 1 Megabyte of Direct Memory Addressing Capability 

• 24 Operand Addressing Modes 

• Bit, Byte, Word, and Block Move Operations 

• 8 and 16 Bit Signed/Unsigned Arithmetic 

• Bus-Hold Circuitry Eliminates Pull-up Resistors 

• Wide Operating Temperature Ranges 


► C80C88.OOC to +70OC 

► I80C88.-40OC to +850C 

► M80C88.-550Cto+1250C 


Description 

The Harris 80C88 high performance 8/16-bit CMOS CPU is man¬ 
ufactured using a self-aligned silicon gate CMOS process (Scaled 
SAJI IV). Two modes of operation, MINimum for smail systems 
and MAXimum for larger applications such as multiprocessing, 
allow user configuration to achieve the highest performance level. 

Full TTL compatibility (with the exception of CLOCK) and 
industry-standard operation allow use of existing NMOS 8088 
hardware and Harris CMOS peripherals. 

Complete software compatibility with the 80C86,8086, and 8088 
microprocessors allows use of existing software in new designs. 


Ordering Information 


PACKAGE 

TEMP. RANGE 

5MHz 

8MHz 

Plastic DIP 

0OCto+70OC 

CP80C88 

CP80C88-2 

-40OCto-l-85OC 

IP80C88 

IP80C88-2 

PLCC 

0OCto+70OC 

CS80C88 

CS80C88-2 


IS80C88 

IS80C88-2 

Ceramic 

DIP 

SMD# 

0OCto+70OC 

CD80C88 

CD80C88-2 

-40OCto+85OC 

ID80C88 

ID80C88-2 

-550Cto+1250C 

MD80C88/B 

MD80C88-2/B 

5962-8601601QA 

- 

LCC 

SMD# 

-550Cto+1250C 

MR80C88/B 

MR80C88-2/B 

5962-8601601XA 

- 


Pinouts 4Q lead dip 

TOP VIEW 


MIN MAX 
MODE MODE 


GND |T 

- ^ - 

^ Vcc 

A14 [F 


^ A15 

A13 |T 


38] A16/S3 

A12 [F 


37] A17/S4 

All (T 


^ A18/S5 

A10 [T 


35] A19/S6 

A9 |T 



AS [T 


33] MN/MX 

AD7 (T 


^ TO 



^ HOLD (TO/^) 



























^ READY 



^ RESET 


44 LEAD PLCC/LCC 
TOP VIEW 
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Functional Diagram 




MEMORY INTERFACE 


INSTRUCTION 
STREAM BYTE 
QUEUE 



ES 

BUS 

CS 

INTERFACE 

SS 

UNIT 

OS 


IP 


EXECUTION UNIT 
CONTROL 
SYSTEM 


AH At 

BH BL 

CH CL 

OH DL 



ARITHMETIC/ , 
V LOGIC UNIT/ 
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Pin Description 

The following pin function descriptions are for 80C88 connection to the 80C88 (without regard to additional bus 
systems in either minimum or maximum mode. The “local bus” buffers), 
in these descriptions is the direct multiplexed bus interface 


SYMBOL 

PIN 

NUMBER 

TYPE 

DESCRIPTION 

AD7-AD0 

9-16 

I/O 

ADDRESS DATA BUS: These lines constitute the time multiplexed memory/IO address (T1) and data 
{T2, T3, Tw and T4) bus. These lines are active HIGH and are held at high Impedance to the last valid 
level during interrupt acknowledge and local bus “hold acknowledge” or “grant sequence”. 

A15-A8 

2-8,39 

O 

ADDRESS BUS: These lines provide address bits 8 through 15 for the entire bus cycle (T1-T4), These 
lines do not have to be latched by ALE to remain valid. A15-A8 are active HIGH and are held at high 
impedance to the last valid logic level during interrupt acknowledge and local bus “hold acknowledge” 




A19/S6, 

35 

A18/S5, 

36 

A17/S4 

37 

A16/S3 

38 


32 

READY 

22 

INTR 

18 

TEST 

23 

NMI 

17 

RESET 

21 

CLK 

19 

VCC 

40 

GND 

1,20 

MN/r;^ 

33 


or “grant sequence”. 

O ADDRESS/STATUS: During T1, These are the four most significant address lines for memory opera- 
O tions. During I/O operations, these lines are LOW. During memory and I/O operations, status infor- 
O mation is available on these lines during 12 , T3, 

O Tw and T4. S6 is always LOW. The status of the 
interrupt enable flag bit (S5) is updated at the 
beginning of each clock cycle. S4 and S3 are 
encoded as shown. 

This information indicates which segment register 
is presently being used for data accessing. 

These lines are held at high impedance to the last valid logic level during local bus “hold acknowledge” 
or “grant sequence”. 

O READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, depending 
on the state of the lO/M pin or S2. This signal is used to read devices which reside on the 80C88 local 
bus. RD is active LOW during T2, T3 and Tw of any read cycle, and is guaranteed to remain HIGH in T2 
until the 80C88 local bus has floated. 




This line is held at a high impedance logic one state during “hold acknowledge” or “grant sequence”. 

■ 

READY: is the acknowledgement from the addressed memory or I/O device that it will complete the 
data transfer. The RDY signal from memory or I/O is synchronized by the 82C84A clock generator to 
form READY. This signal is active HIGH. The 80C88 READY input is not synchronized. Correct 
operation is not guaranteed if the set up and hold times are not met. 

1 

INTERRUPT REQUEST: is a level triggered input which is sampled during the last clock cycle of each 
instruction to determine if the processor should enter into an interrupt acknowlege operation. A sub¬ 
routine is vectored to via an interrupt vector lookup table located in system memory. It can be internally 
masked by software resetting the interrupt enable bit. INTR is internally synchronized. This signal is 
active HIGH. 

■ 

TEST: input is examined by the “wait for test” instruction. If the TEST input is LOW, execution contin¬ 
ues, otherwise the processor waits in an “idle” state. This input is synchronized internally during each 
clock cycle on the leading edge of CLK. 

■ 

NONMASKABLE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. A subroutine 
is vectored to via an interrupt vector lookup table located in system memory. NMI is not maskable inter¬ 
nally by software. A transition from a LOW to HIGH initiates the interrupt at the end of the current 
instruction. This input is internally synchronized. 

■ 

RESET: causes the processor to immediately terminate its present activity. The signal must transition 
LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts execution, as described 
in the instruction set description, when RESET returns LOW. RESET is internally synchronized. 

' 

CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with a 33% 
duty cycle to provide optimized internal timing. 


VCC: is the +5V power supply pin. A 0.1 |jF capacitor between pins 20 and 40 is recommended for 
decoupling. 


GND: are the ground pins (both pins must be connected to system ground). A 0.1 pF capacitor between 
pins 1 and 20 is recommended for decoupling. 

' 

MINIMUM/MAXIMUM: indicates the mode in which the processor is to operate. The two modes are 
discussed in the following sections. 
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Pin Description 

The following pin function descriptions are for the 80C88 functions which are unique to the minimum mode are 
minimum mode (i.e., MN/MX = VCC). Only the pin described; all other pin functions are as described above. 


MINIMUM MODE SYSTEM 


SYMBOL 

PIN 

NUMBER 

TYPE 

DESCRIPTION 

lO/M 

28 

O 

STATUS LINE: is an inverted maximum mode^. It is used to distinguish a memory access from an I/O 
access. lO/M becomes valid in the T4 preceding a bus cycle and remains valid until the final T4 of the 
cycle (I/O = HIGH, M = LOW). lO/M is held to a high impedance logic one during local bus 
“hold acknowledge”. 

WR 

29 

O 

Write: strobe indicates that the processor is performing a write memory or write I/O cycle, depending 
on the state of the lO/M signal. WR is active for T2, T3 and Tw of any write cycle. It is active LOW, and 
is held to high impedance logic one during local bus “hold acknowledge”. 

INTA 

24 

O 

INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW during T2, T3 and Tw 
of each interrupt acknowledge cycle. Note that INTA is never floated. 

ALE 

25 

o 

ADDRESS LATCH ENABLE: is provided by the processor to latch the address Into the 82C82/82C83 
address latch. It is a HIGH pulse active during clock low of T1 of any bus cycle. Note that ALE is never 
floated. 

DT/R 

27 

o 

DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use an 82C86/82C87 
data bus transceiver. It is used to control the direction of dataflow through the transceiver. Logically, 
DT/R is equivalent to SI in the maximum mode, and its timing is the same as for lO/M (T = HIGH, 

R = LOW). This signal is held to a high impedance logic one during local bus “hold acknowledge”. 

DEN 

26 

o 

DATA ENABLE: is provided as an output enable for the 82C86/82C87 In a minimum system which 
uses the transceiver. DEN is active LOW during each memory and I/O access, and for INTA cycles. For 
a read or INTA cycle, it is active from the middle of T2 until the middle of T4, while for a write cycle, it 
is active from the beginning of T2 until the middle of T4. DEN is held to high impedance logic one during 
local bus “hold acknowledge”. 

HOLD, 

31 

I 

HOLD: indicates that another master is requesting a local bus “hold”. To be acknowledged, HOLD 

HLDA 

30 

o 

must be active HIGH. The processor receiving the “hold” request will issue HLDA (HIGH) as an 
acknowledgment, in the middle of a T4 or Tl clock cycle. Simultaneous with the Issuance of HLDA the 
processor will float the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it will again drive the 
local bus and control lines. 

Hold is not an asynchronous input. External synchronization should be provided if the system cannot 
otherwise guarantee the set up time. 



O STATUS LINE: is logically equivalen t to S O in the i _ i _ i _ i 

maximum mode. The combination of SSO, lO/M j lO/M j DT/R j SSO | CHARACTERISTICS 
and DT/R allows the system to comp letel y 
decode the current bus cycle status. SSO 
is held to high impedance logic one during 
local bus “hold acknowledge”. 


Interrupt Acknowledge 
Read I/O Port 
Write I/O Port 
Halt 

Code Access 
Read Memory 
Write Memory 
Passive 
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Pin Description 

The following pin descriptions are for the 80C88 
system in maximum mode (i.e., MN/MX = GND). Only the 
MAXIMUM MODE SYSTEM 


pin functions which are unique to maximum mode are 
described; all other pin functions are as described above. 



RQ/GTO, 


RQ/GT1 


I 



STATUS: is active during clock high of T4, T1 g2 si SO CHARACTERISTICS 

and 12 , and is returned to the passive state ......i-i.- 

(1,1,1) during T3 or during Tw when READY 0 0 0 Interrupt Acknowledge 

is HIGH. This status is used by the 82C88 0 0 1 Read I/O Port 

bus controller to generate all memory a nd I /O 0 1 0 Write I/O Port 

access control signals. Any change by S2, SI or 0 11 Halt 

SO during T4 is used to indicate the beginning of 10 0 Code Access 

a bus cycle, and the return to the passive state 1 0 1 Read Memory 

in T3 or Tw is used to indicate the end of a bus 110 Write Memory 

cycle. Ill Passive 

These signals are held at a high impedance logic 
one state during “grant sequence”. 


REQUEST/GRANT: pins are used by other local bus masters to force the proces sor to rele ase the local 
bus at the end of the pr ocess or’s current bus cycle. Each pin is bidirectional with RQ/GTO having 
higher priority than RQ/GT1. RQ/^ has internal bus-hold high circuitry and, if unused, may be left 
unconnected. The request/grant sequence Is as follows (see RQ/GT Timing Sequence): 

1. A pulse of one CLK wide from another local bus master indicates a local bus request {“hold”) to the 
80C88 (pulse 1). 

2. During a T4 or Tl clock cycle, a pulse one clock wide from the 80C88 to the requesting master 
{pulse 2), indicates that the 80C88 has allowed the local bus to float and that it will enter the 
“grant sequence” state at the next CLK. The CPUs bus Interface unit is disconnected logically from 
the local bus during “grant sequence”. 

3. A pulse one CLK wide from the requesting master indicates to the 80C88 {pulse 3) that the “hold” 
request is about to end and that the 80C88 can reclaim the local bus at the next CLK. The CPU 
then enters T4 {or Tl if no bus cycles pending). 

Each master-master exchange of the local bus is a sequence of three pulses. There must be one idle 
CLK cycle after bus exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, it will release the local bus during 
T4 of the cycle when all the following conditions are met: 

1. Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 

4. A locked instruction is not currently executing. 

If the local bus Is idle when the request is made the two possible events will follow: 

1. Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a currently active memory cycle 
apply with condition number 1 already satisfied. 


LOCK: indicates that other system bus masters are not to gain control of the system bus while LOCK 
is active (LOW). The LOCK signal is activated by the “LOCK” prefix instruction and remains active until 
the completion of the next instruction. This signal i s activ e LOW, and is held at a high impedance logic 
one state during “grant sequence”. In Max Mode, LO CK is automatically generated during T2 of the 
first INTA cycle and removed during T2 of the second INTA cycle. 


QUEUE STATUS: provide status to allow 
external tracking of the internal 80C88 
instruction queue. 

The queue status is valid during the CLK cycle 
after which the queue operation is performed. 
Note that the queue status never goes to a 
high impedance state (floated). 


QS1 QSO 



CHARACTERISTICS 


No Operation 

First Byte of Opcode From 

Queue 

Empty the Queue 
Subsequent Byte From 
Queue 


34 O Pin 34 is always a logic one in the maximum mode and is held at a high impedance logic one during a 

“grant sequence”. 
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Functional Description 

static Operation 

Ail 80C88 circuitry is static in design. Internal registers, 
counters and latches are static and require no refresh as 
with dynamic circuit design. This eliminates the minimum 
operating frequency restriction placed on other 
microprocessors. The CMOS 80C88 can operate from DC 
to the specified upper frequency limit. The processor clock 
may be stoped in either state (high/low) and held there 
indefinitely. This type of operation is especially useful for 
system debug or power critical applications. 

The 80C88 can be single stepped using only the CPU 
clock. This state can be maintained as long as is necessary. 
Single step clock operation allows simple Interface circuitry 
to provide critical information for start-up. 

Static design also allows very low frequency operation (as 
low as DC). In a power critical situation, this can provide 
extremely low power operation since 80C88 power dissipa¬ 
tion is directly related to operation frequency. As the system 
frequency is reduced, so is the operating power until, at a 
DC input frequency, the power requirement is the 80C88 
standby current 

Internal Architecture 

The internal functions of the 80C88 processor are parti¬ 
tioned logically into two processing units. The first is the 
Bus Interface Unit (BIU) and the second is the Execution 
Unit (EU) as shown in the CPU block diagram. 

These units can interact directly but for the most part per¬ 
form as separate asynchronous operational processors. 
The bus interface unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic 
bus control. The overlap of instruction pre-fetching provid¬ 
ed by this unit serves to increase processor performance 
through improved bus bandwidth utilization. Up to 4 bytes 
of the instruction stream can be queued while waiting for 
decoding and execution. 

The instruction stream queuing mechanism allows the BIU 
to keep the memory utilized very efficiently. Whenever there 
is space for at least 1 byte In the queue, the BIU will attempt 
a byte fetch memory cycle. This greatly reduces “dead 
time” on the memory bus. The queue acts as a First-ln- 
First-Out (FIFO) buffer, from which the EU extracts instruc¬ 
tion bytes as required. If the queue is empty (following a 
branch Instruction, for example), the first byte into the queue 
immediately becomes available to the EU. 

The execution unit receives pre-fetched instructions from 
the BIU queue and provides unrelocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. 

Memory Organization 

The processor provides a 20 bit address to memory which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
00000(H) to FFFFF(H). The memory is logically divided into 
code, data, extra, and stack segments of up to 64K bytes 


each, with each segment falling on 16 byte boundaries. 
(See Figure 1). 


7 0 

r— —— I FFFFFH 



FIGURE 1. MEMORY ORGANIZATION 

All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of prog¬ 
rams. The segment register to be selected is automatically 
chosen according to specific rules as shown in Table A. All 
information in one segment type share the same logical 
attributes (e.g., code or data). By structuring memory into 
relocatable areas of similar characteristics and by automati¬ 
cally selecting segment registers, programs are shorter, 
faster, and more structured. 


TABLE A 


MEMORY 

REFERENCE 

NEED 

SEGMENT 

REGISTER 

USED 

SEGMENT 
SELECTION RULE 

Instructions 

CODE(CS) 

Automatic with all instruction 
prefetch. 

Stack 

STACK (SS) 

All stack pushes and pops. 
Memory references relative to 

BP base register except data 
references. 

Local Data 

DATA(DS) 

Data references when; relative to 
stack, destination of string oper¬ 
ation, or explicitly overridden. 

External Data 
(Global) 

EXTRA (ES) 

Destination of string operations: 
Explicitly selected using a 
segment override. 


Word (16 bit) operands can be located on even or odd 
address boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte In the 
next higher address location. 
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The BIU will automatically execute two fetch or write cycles 
for 16 bit operands. 

Certain locations in memory are reserved for specific CPU 
operations. (See Figure 2). Locations from addresses 
FFFFOH through FFFFFH are reserved for operations 
including a jump to the initial system Initialization routine. 
Following RESET, the CPU will always begin execution at 
location FFFFOH where the jump must be located. Loca¬ 
tions OOOOOH through 003FFH are reserved for interrupt 
operations. Each of the 256 possible interrupt service 
routines is accessed through its own pair of 16 bit pointers 
- segment address pointer and offset address pointer. The 
first pointer, used as the offset address, is loaded into the IP, 
and the second pointer, which designates the base 
address, is loaded into the CS. At this point program control 
is transferred to the interrupt routine. The pointer elements 
are assumed to have been stored at their respective places 
in reserved memory prior to the occurrence of interrupts. 

Minimum and Maximum Modes 

The requirements for supporting minimum and maximum 
80C88 systems are sufficiently different that they cannot be 
done efficiently with 40 uniquely defined pins. Consequently, 
the 80C88 Is equipped with a strap pin (MN/i^) which 
defines the system configuration. The definition of a certain 
subset of the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, the 
80C88 defines pins 24 through 31 and 34 in maximum mode. 
When the MN/MX pin is strapped to VCC, the 80C88 gener¬ 
ates bus control signals itself on pins 24 through 31 and 34. 

The minimum mode 80C88 can be used with either a multi¬ 
plexed or demultiplexed bus. This architecture provides the 
80C88 processing power in a highly integrated form. 


AVAILABLE 

INTERRUPT 

POINTERS 

(224) 


RESERVED 

INTERRUPT 

POINTERS 

(27) 


DEDICATED 

INTERRUPT 

POINTERS 

(5) 



CS BASE ADDREM H 

_ IP OFFSET _3 


FIGURE 2. RESERVED MEMORY LOCATIONS 

The demultiplexed mode requires one latch (for 64K 
addressability) or two latches (for a full megabyte of 
addressing). An 82C86 or 82C87 transceiver can also be 
used if data bus buffe ring is r^uired. (See Figure 3). The 
80C88 provides DEN and DT/R to control the transceiver, 
and ALE to latch the addresses. This configuration of the 
minimum mode provides the standard demultiplexed bus 
structure with heavy bus buffering and relaxed bus timing 
requirements. 
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The maximum mode employs the 82C88 bus controller 
{See Figure 4). The 82C88 decodes status lines SO, Si and 
S2, and provides the system with all bus control signals. 
Moving the bus control to the 82C88 provides better source 
and sink current capability to the control lines, and frees the 


80C88 pins for extended large system features. Hardware 
lock, queue status, and two request/grant interfaces 
are provided by the 80C88 in maximum mode. These 
features allow coprocessors in local bus and remote bus 
configurations. 


j±i 


82C84A/85 




h-H READY 
RESET Sa 




- cT^T* 


C1 = C2 = 0.1/f 


80C88 

CPU 

GND 


ADo-ADy U 


Vcc Ae-Ai, 
INT 



CLK 

So 

MWTC 

ST 

AMWC 

So 82C88 lORC 1 

DEN 

lOWC 

DT/R 

AlOWC 

ALE 

INTA 


STB 

OE 

82C82 
LATCH 
(1, 2 OR 3) 




r>*“ A 

82C86 {^ 

J _. TRANSCEIVER N 


■H 


82C59A 

INTERRUPT 

CONTROL 


mnnrnM 




OE 


CS RD WR 

HM-65162 


HM-6616 


82CXX 

CMOS RAM 


CMOS PROM 


PERIPHERALS 




FIGURE 4. FULLY BUFFERED SYSTEM USING BUS CONTROLLER 


Bus Operation 

The 80C88 address/data bus is broken into three parts: the 
lower eight address/data bits (AD0-AD7), the middle eight 
address bits (A8-A15), and the upper four address bits 
(A16-A19). The address/data bits and the highest four 
adddress bits are time multiplexed. This technique provides 
the most efficient use of pins on the processor, permitting 
the use of a standard 40 lead package. The middle eight 
address bits are not multiplexed, i.e., they remain valid 
throughout each bus cycle. In addition, the bus can be 
demultiplexed at the processor with a single address latch If 
a standard, non multiplexed bus is desired for the system. 

Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3 and T4. (See 
Figure 5). The address is emitted from the processor during 


T1 and data transfer occurs on the bus during T3 and T4. T2 
is used primarily for changing the direction of the bus 
during read operations. In the event that a “Not Ready” 
indication is given by the addressed device, “wait” states 
(Tw) are inserted between T3 and T4. Each inserted “wait” 
state is of the same duration as a CLK cycle. Periods can 
occur between 80C88 driven bus cycles. These are referred 
to as “idle” states (Ti), or inactive CLK cycles. The proces¬ 
sor uses these cycles for Internal housekeeping. 

During T1 of any bus cycle, the ALE (Address latch enable) 
signal is emitted (by either the processor or the 82C88 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status infor¬ 
mation for the cycle may be latched. 


3 
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- " - ... (4 + Nwait) = Tcy - . » 4 - - —.- ■ . (4 + Nwait) = Tcv — 

T, It, It, I Twait I Ta t, I t, I t, I Tw, 






„- 3 _ 


FIGURE 5. BASIC SYSTEM TIMING 


Status bits SO, S1, and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to Table B. 


I 


1. 11 .1 _ 


CHARACTERISTICS 

1 S2 

SI 

■Bm 

0 

0 

Interrupt Acknowledge 

0 

0 

1 

Read I/O 

0 

1 

0 

Write I/O 

0 

1 

1 

Halt 

1 

0 

0 

Instruction Fetch 

1 

0 

1 

Read Data from Memory 

1 

1 

0 

Write Data to Memory 

1 

1 

1 

Passive (No Bus Cycle) 


I 


S4 

S3 

CHARACTERISTICS 

0 

0 

Alternate Data (Extra Segment) 

0 

1 

Stack 

1 

0 

Code or None 

■DH 

1 

Data 


Status bits S3 through S6 are multiplexed with high order 
address bits and are therefore valid during T2 through T4. 
S3 and S4 indicate which segment register was used for 
this bus cycle in forming the address according to Table C. 

S5 is a reflection of the PSW interrupt enable bit. S6 is 
always equal to 0. 


I/O Addressing 

In the 80C88, I/O operations can address up to a maximum 
of 64K I/O registers. The I/O address appears in the same 
format as the memory address on bus lines A15-AO. The 
address lines A19-A16 are zero in I/O operations. The vari* 
able I/O instructions, which use register DX as a pointer, 
have full address capability, while the direct I/O instructions 
directly address one or two of the 256 I/O byte locations in 
page 0 of the I/O address space. I/O ports are addressed in 
the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 8085 
design should note that the 8085 addresses I/O with an 8 bit 
address on both halves of the 16 bit address bus. The 80C88 
uses a full 16 bit address on its lower 16 address lines. 
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External Interface 

Processor Reset and Initialization 

Processor initialization or start up is accomplished with acti¬ 
vation (HIGH) of the RESET pin. The 80C88 RESET is 
required to be HIGH for greater than four clock cycles. The 
80C88 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal reset 
sequence for approximately 7 clock cycles. After this inter¬ 
val the 80C88 operates normally, beginning with the 
instruction in absolute location FFFFOH (see Figure 2). The 
RESET input is internally synchronized to the processor 
clock. At initialization, the HIGH to LOW transition of RESET 
must occur no sooner than 50|js after power up, to allow 
complete initialization of the 80C88. 

NMI will not be recognized if asserted prior to the second 
CLK cycle following the end of RESET. 

Bus Hold Circuitry 

To avoid high current conditions caused by floating inputs 
to CMOS devices and to eliminate the need for pull-up/ 
down resistors, “bus-hold” circuitry has been used on 
80C88 pins 2-16, 26-32 and 34-39 (see Figure 6a and 6b). 
These circuits maintain a valid logic state if no driving 
source is present (i.e., an unconnected pin or a driving 
source which goes to a high impedance state). 

To override the “bus hold” circuits, an external driver must 
be capable of supplying 400 |jA minimum sink or source 
current at valid input voltage levels. Since this “bus hold” 
circuitry is active and not a “resistive” type element, the 
associated power supply current is negligible. Power dissi¬ 
pation is significantly reduced when compared to the use of 
passive pull-up resistors. 

Interrupt Operations 

Interrupt operations fall into two classes: software or hard¬ 
ware initiated. The software initiated interrupts and software 
aspects of hardware interrupts are specified in the instruc¬ 



FIGURE 6A. bus HOLD CIRCUITRY PIN 2-16, 35-39 


tion set description. Hardware Interrupts can be classified 
as nonmaskable or maskable. 

Interrupts result in a transfer of control to a new program lo¬ 
cation. A 256 element table containing address pointers to 
the interrupt service program locations resides in absolute 
locations 0 through 3FFH (see Figure 2), which are reserved 
for this purpose. Each element in the table is 4 bytes in size 
and corresponds to an interrupt “type”. An interrupting 
device supplies an 8 bit type number, during the Interrupt 
acknowledge sequence, which is used to vector through 
the appropriate element to the new interrupt service 
program location. 

Non-maskable Interrupt (NMI) 

The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable inter¬ 
rupt request (INTR) pin. A typical use would be to activate a 
power failure routine. The NMI is edge-triggered on a LOW 
to HIGH transition. The activation of this pin causes a type 2 
interrupt. 

NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. Any high going transition of NMI 
is latched on-chip and will be serviced at the end of the 
current instruction or between whole moves (2 bytes in the 
case of word moves) of a block type instruction. Worst case 
response to NMI would be for multiply, divide, and variable 
shift instructions. There is no specification on the 
occurrence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high-going 
edge triggers another response if it occurs after the start of 
the NMI procedure. 

The signal must be free of logical spikes in general and be 
free of bounces on the low-going edge to avoid triggering 
extraneous responses. 



FIGURE 6B. BUS HOLD CIRCUITRY PIN 26-32, 34 
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Maskable Interrupt (INTR) 

The 80C88 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The interrupt 
request signal is level triggered. It is internally synchronized 
during each clock cycle on the high-going edge of CLK. 

To be responded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current instruction 
or the end of a whole move for a block type instruction. INTR 
may be removed anytime after the falling edge of the first 
INTA signal. During Interrupt response sequence, further 
interrupts are disabled. The enable bit is reset as part of the 
response to any interrupt (INTR, NMI, software interrupt, or 
single step). The FLAGS register, which is automatically 
pushed onto the stack, reflects the state of the processor 
prior to the interrupt. The enable bit will be zero until the old 
FLAGS register is restored, unless specifically set by an 
instruction. 

During the response sequence (see Figure 7), the proces¬ 
sor executes two successive (back-to-b ack) in terrupt 
acknowledge cycles. The 80C88 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until T2 
of the second. A local bus “hold” request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external inter¬ 
rupt system (e.g., 82C59A PIC) which identifies the source 
(type) of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup table. 

An INTR signal left HIGH will be continually responded to 
within the limitations of the enable bit and sample period. 
INT R may be removed anytime after the falling edge of the 
first INTA signal. The interrupt return instruction includes a 
flags pop which returns the status of the original interrupt 
enable bit when it restores the flags. 

Halt 

When a software HALT instruction is executed, the proces¬ 
sor indicates that it is entering the HALT state in one of two 
ways, depending upon which mode is strapped. In mini¬ 
mum mode, the processor issues ALE, delayed by one 
clock cycle, to allow the system to latch the halt status. Halt 
status is available on lO/M, DT/R, and SSO. In maximum 
mode, the processor issues appropriate HALT status on S2, 

I T, I T. I T. i T, 


S1 and SO, and the 82C88 bus controller issues one ALE. 
The 80C88 will not leave the HALT state when a local bus 
hold is entered while in HALT. In this case, the processor 
reissues the HALT indicator at the end of the local bus hold. 
An interrupt request or RESET will force the 80C88 out of 
the HALT state. 

Read/Modify/Write (Semaphore) Operations Via LOCK 

The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the 
execution of an instruction. This allows the processor to 
perform read/modify/write operations on memory (via the 
“exchange register with memory” instruction), without 
another system bus master receiving intervening memory 
cycles. This is useful in multiprocessor system configura- 
tions t o accomplish “test and set lock” operations. The 
LOCK signal is activate d (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deactivated at 
the end of the last b us cyc le of the instruction following the 
LOCK prefix. While LOCK is active, a request on a RQ/GT 
pin will be recorded, and then honored at the end of the 
LOCK. 

External Synchronization Via TEST 

As an alternative to interrupts, the 80C88 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. Th e single WAIT instruction is 
repeatedly executed until the TEST input goes active 
(LOW). The execution of WAIT does not consume bus 
cycles once the queue is full. 

If a local bus request occurs during WAIT execution, the 
80C88 three-states all output drivers while inputs and I/O 
pins are held at valid logic levels by internal bus-hold circuits. 
If interrupts are enabled, the 80C88 will recognize interrupts 
and process them when it regains control of the bus. 

Basic System Timing 

In minimum mode, the MN/MX pin is strapped t o VC C and 
the processor emits bus control signals (RD, WR, lO/M, 
etc.) directly. In maximum mode, the MN/MX pin is strapped 
to GND and the processor emits coded status information 
which the 82C88 bus controller uses to generate 
MULTIBUS™ compatible bus control signals. 



\ _ ! 
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System Timing - Minimum System 


The read cycie begins in T1 with the assertion of the address 
latch enable (ALE) signal (See Figure 5). The trailing (low 
going) edge of this signal Is used to latch the address informa¬ 
tion, which is valid on the address data bus (ADO-AD7) at this 
time, into the 82C82/82C83 latch. Address lines A8 through 
A15 do not need to be latched because they remain valid 
throughout the bus cycle. From T1 to T4 the lO/M signal 
indicates a memory or I/O operation. At T2 the address is 
removed from the address data bus and the bus is held at the 
last valid logic state by internal bus-hold devices. The read 
control signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be available on 
the bus and the addressed device will drive the READY line 
HIGH. When the processor returns the read signal to a HIGH 
level, the addressed device will again three-state its bus driv¬ 
ers. If a transceiver (82C86 /82C 87) is required to buffer the 
local bus, signals DT/R and DEN are provided by the 80C88. 

A write cycle also begins with the assertion of ALE and the 
emission of the address. The lO/M signal is again asserted to 
indicate a memory or I/O write operation. In T2, immediately 
following the address emission, the processor emits the data 
to be written into the addressed location. This data remains 
valid until at least the middle of T4. During T2, T3, and Tw, the 
processor asserts the write control signal. The write (WR) 
signal becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide time 
for output drivers to become inactive. 

The basic difference between the interrupt acknowledge 
cycle and a read cycle Is that the interrupt acknowledge 


(INTA) signal is asserted in place of the read (RD) signal and 
the address bus Is held at the last valid logic state by internal 
bus-hol d dev ices (see Figure 6). In the second of two suc¬ 
cessive INTA cycles, a byte of Information is read from the 
data bus, as supplied by the interrupt system logic (i.e., 
82C59A priority interrupt controller). This byte identifies the 
source (type) of the interrupt. It is multiplied by four and used 
as a pointer into the interrupt vector lookup table, as de¬ 
scribed earlier. 

Bus Timing - Medium Compiexity Systems 

For medium complexity systems, the MN/MX pin is con¬ 
nected to GND and the 82C88 bus controller Is added to the 
system, as well as an 82C82/82C83 latch for latching the sys¬ 
tem address, and an 82C86/82C87 transceiver to allow for 
bus loading greater than th e 80 C88 is capable of handling 
(see Figure 8). Signals ALE, DEN, and DT/R are generated by 
the 82C88 instead of the processor in this configuration, al¬ 
though their timing remains relatively the same. The 80C88 
status outputs (S2, S1 and SO) provide type of cycle informa¬ 
tion and become 82C88 inputs. This bus cycle information 
specifies read (code, data or I/O), write (data or I/O), interrupt 
acknowledge, or software halt. The 82C88 thus issues control 
signals specifying memory read or write, I/O read or write, or 
interrupt acknowledge. The 82C88 provides two types of write 
strobes, normal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading edge of 
write. The advanced write strobes have the same timing as 
read strobes, and hence, data is not valid at the leading edge 
of write. The 82C86/82C87 tranceiver re ceive s the usual T 
and OE inputs from the 82C88 DT/R and DEN outputs. 
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FIGURE 8. MEDIUM COMPLEXITY SYSTEM TIMING 
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The pointer into th e inte rrupt vector table, which is passed 
during the second INTA cycle, can derive from an 82C59A 
located on either the local bus or the system bus. If the 
master 82C59A priority interrupt controller is positioned on 
the local bus, the 82C86/82C87 transceiver must be 
disabled when reading from the master 82C59A during the 
interrupt acknowledge sequence and software “poll”. 

The 80C88 Compared To The 80C86 

The 80C88 CPU is an 8 bit processor designed around the 
8086 internal structure. Most Internal functions of the 
80C88 are identical to the equivalent 80C86 functions. The 
80C88 handles the external bus the same way the 80C86 
does with the distinction of handling only 8 bits at a time. 
Sixteen-bit operands are fetched or written in two consecu¬ 
tive bus cycles. Both processors will appear identical to the 
software engineer, with the exception of execution time. The 
internal register structure is identical and all instructions 
have the same end result. Internally, there are three differ¬ 
ences between the 80C88 and the 80C86. All changes are 
related to the 8 bit bus interface. 

• The queue length is 4 bytes in the 80C88, whereas the 
80C86 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching Instructions. This was required 
because of the additional time necesssary to fetch 
instructions 8 bits at a time. 

• To further optimize the queue, the prefetching algorithm 
was changed. The 80C88 BIU will fetch a new instruc¬ 
tion to load into the queue each time there Is a 1 byte 
space available in the queue. The 80C86 waits until a 2 
byte space is available. 

• The Internal execution time of the instruction set Is affect¬ 
ed by the 8 bit interface. All 16 bit fetches and writes 


from/to memory take an additional four clock cycles. The 
CPU is also limited by the speed of Instruction fetches. 
This latter problem only occurs when a series of simple 
operations occur. When the more sophisticated instruc¬ 
tions of the 80C88 are being used, the queue has time to 
fill and the execution proceeds as fast as the execution 
unit will allow. 

The 80C88 and 80C86 are completely software compatible 
by virtue of their identical execution units. Software that is 
system dependent may not be completely transferable, but 
software that is not system dependent will operate equally 
as well on an 80C88 or an 80C86. 

The hardware interface of the 80C88 contains the major 
differences between the two CPUs. The pin assignments 
are nearly identical, however, with the following functional 
changes: 

• A8-A15: These pins are only address outputs on the 
80C88. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner similar 
to the 8085 upper address lines. 

• BHE has no meaning on the 80C88 and has been elimi¬ 
nated. 

• SSO provides the SO status information in the minimum 
mode. Thjs out£ut oc curs on pin 34 in minimum mode 
only. DT/R, lO/M and SSO provide the complete bus sta¬ 
tus in minimum mode. 

• lO/M has been inverted to be compatible with the 8085 
bus structure. 

• ALE is delayed by one clock cycle in the minimum mode 
when entering HALT, to allow the status to be latched 
with ALE. 
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Absolute Maximum Ratings 


Supply Voltage.+8.0V 

Input, Output or I/O Voltage Applied_ GND-0.5VtoVCC+0.5V 

Storage Temperature Range.-650C to+150^0 

Junction Temperature.+175*^0 

Lead Temperature (Soldering 10 sec).+300C>C 

ESD Classification.Class 1 


Reiiabiiity information 

Thermal Resistance ®ja ®jc 

Ceramic DIP Package. 27.50C/W 5 . 90 C/W 

Ceramic LCC Package. 62.20C/W 8 . 6 OC/W 

Maximum Package Power Dissipation at +1250C 

Ceramic DIP Package.1.82W 

Ceramic LCC Package. 806mW 

Gate Count.9750 Gates 


CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


operating Voltage Range.+4.5V to +5.5V 

M80C88-2Only. +4.75Vto+5.25V 


Operating Temperature Range 

C80C88/-2.O^C to +70OC 

I80C88/-2. -40OC to +850C 

M80C88/-2.-550Cto+1250C 


D.C. Electrical Specifications Vcc = s.ov ± io%; Ta = ooc to +70oc (C80C88) (C8OC88-2) 

Vcc = 5.0V ± 10%: Ta = - 40 OC to + 850 C (I 80 C 88 ) (I80C88-2) 
Vcc = 5 . 0 V ± 10 %: Ta = -550c to +1250C (M8OC88) 

Vcc = 5.0V ± 5%: TA =-550c to+1250c (M80C88-2) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

VIH 

Logical One 

Input Voltage 

2.0 

2.2 


V 

V 

C80C88, 180088 (Note 4) 
M80C88 (Note 4) 

VIL 

Logical Zero Input Voltage 


0.8 

V 


VIHC 

CLK Logical One Input Voltage 

VCC -0.8V 


V 


VILC 

CLK Logical Zero Input Voltage 


0.8 

V 


VOH 

Output High Voltage 

3.0 

VCC -0.4 


V 

V 

lOH = -2.5mA 
lOH = -lOOyuA 

VOL 

Output Low Voltage 


0.4 

V 

lOL = +2.5mA 

II 

Input Leakage Current 

-1.0 

1.0 

M 

VIN = OV or VCC, 

DIP Pins 17-19, 21-23, 33 

IBHH 

Input Current 

Bus Hold High 

-40 

-400 

fjA 

VIN = 3.0V 
(Note 1) 

IBHL 

Input current 

Bus Hold Low 

40 

400 

M 

VIN = 0.8V 
(Note 2) 

10 

Output Leakage Current 


-10.0 

fjA 

VO = OV (Note 5) 

ICCSB 

Standby Power Supply 

Current 


500 

fjA 

VCC = 5.5 V 
(Note 3) 

ICCOP 

Operating Power 

Supply Current 


10 

mA/MHz 

Freq = max, 

VIN = GND or VCC, 

Outputs Open 


NOTES 1 IBHH should be measured after raising VIN to VCC and then lowering to 3.0V on the following pins 2-16, 26-32, 34-39 

2 IBHL should be measured after lowering VIN to GND and then raising to 0 8V on the following pins 2-16, 35-39 

3 ICCSB tested during clock high time after HALT instruction execution VIN = VCC or GND VCC = 5 5V outputs unloaded 

4 MN/mXis a strap option and should be held to VCC or GND 

5 IG should be measured by putting the pin in a high impedance state and then driving Vqijt ‘^ND on the following 
pins 26-29 and 32 
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Specifications 80C88 


Capacitance Ta = 250c 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


CIN 

Input Capacitance 

25 

PF 

FREQ = 1MHz 

All measurements are 
referenced to device GND 

COUT 

Output Capacitance 

25 

PF 


Cl/O 

I/O Capacitance 

25 

pF 



A.C. Electrical Specifications Vcc = s.ov ± 10 %; Ta = 00 c to +70oc (Ci 'C88) (C 8 OC 88 - 2 ) 

Vcc = 5.0V ± 10 %; Ta = -40OC to +850C (I 80 C 88 ) (I 80 C 88 - 2 ) 
Vcc = 5.0V ± 10%; Ta = -550C to +1250C (M80C88) 

Vcc = 5.0V ± 5%; TA = -550C to +1250C (M80C88-2) 


MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


80C88-2 




80C88 




(i)TCLCL 


(2)TCLCH 


{3)TCHCL 


(4)TCH1CH2 


(5)TCL2CL1 


(6) TDVCL 


(7)TCLDX1 


(8)TR1VCL 


CLK Cycle Period 


CLK Low Time 


CLK High Time 


CLK Rise Time 


CLK Fall Time 


Data in Setup Time 


Data in Hold Time 


RDY Setup Time into 
82C84A (See Notes 1,2) 




































































































Specifications 80C88 


A.C. Electrical Specifications Vcc = s.ov ± io%; Ta = ooc to +70oc (C 80 C 88 ) (C 8 OC 88 - 2 ) 

Vcc = 5.0V ± 10%; Ta = -40OC to +850C (I80C88) (I80C88-2) 

Vcc = 5.0V ± 10%; Ta = -550C to +1250C (M80C88) 

Vcc = 5.0V ± 5%; TA = -550C to +1250C (M80C88-2) 


MINIMUM COMPLEXITY SYSTEM TIMING RESPONSES 



3 


NOTES 1 Signal at 82C84A shown for reference only 

2 Setup requirement for asynchronous signal only to guarantee recognition at next clock 

3 Applies only to T2 state (8 nanoseconds into T3) 
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Waveforms 

BUS TIMING - MINIMUM MODE SYSTEM 


CLK (82C84A Output) 

(30)TCHCTV 

lOM SSO 


J 




A,5-Ae 


Ai 9< Se'Ate S3 


RDY (82C84A Input) 
SEE NOTES 1, 2 


READY (80C88 Input) ^ 


K 


TCLLH- 

(23) 


( 1 ) 

-TCLCL- 






(17) 


_READ CYCLE 

I (WR, INTA = Vqh) 


AD 7 -AD 0 




X 


m 


(24) 

I^TAVAL-l 

(39) 


1 


X 


(4) , 

TCH1CH2> \< -► 


tchcl|3) 




T3 Tw 

(5) , 

-TCL2CL1 / 


Ais-Ag (Float during INTA) 


(26) ]◄—TCLDV 
(18) 


X 


-tllax(25) 


I 

Vii 

I 

TRYLCL 


( 12 ) 


X 


-TCLR1X (9) 




( 10 ) 

TRYHCH 


(32)tazrl- 


£ 


(30) (33) 

TCHCTV TCLRL 


(29)TCVCTV- 







-T&Hi 




a. 



/ 



/ ^^37)" 



TCVCTX- 

(31) 


1 


X 


r 


“ (17) 

-TCLAV 


(17) 

TCLAV 


r 



TCHCTV (30) 


NOTES: 1. RDY is sampled near the end of T2, T3, Tw to determine if Tw machine states are to be inserted. 
2. Signals at 82C84A are shown for reference only. 
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Waveforms (Continued) 

BUS TIMING - MINIMUM MODE SYSTEM (Continued) 


CLK (82C84A OUTPUT) 


WRITE CYCLE 


(26) 

I TCLOV — 

r — tclax->( 18 ) 

TCVCTV—(29)|^ 


TCVCTV-H(29)H 


2 

t 1 

|5) ^2 Tw 

j— TCL2CL1 ! 


f 







DATA OUT 






TmWM 






TCLDX2 

- 127) 1- 


TWHOX -H 

-H (31) r—TCVCTX 


TCVCTX— |31)h- I 
|6)|*— TDVCL— I—TCLDX1 (7) 


(30) )— hTCHCTV 


\ „ I^TCHCTV (30) 


INTA CYCLE 
_(Note 1) 

{RD,WR = Vqh) 



SOFTWARE MALT - 

t5fR,ll6.wS.iWTX-VoH AOr-AOo 


INVALID ADDRESS 


SOFTWARE HALT 

-tchll(24) 


NOTES: 1, Two INTA cycles run back-to-back. The 8 0C88 local ADDR/DATA bus is floating during both INTA cycles. 
Control Signals are shown for the second INTA cycle. 

2. Signals at 82C84A are shown for reference only. 
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Specifications 80C88 


A.C. Electrical Specifications Vcc = s.ov ± io%: Ta = ooc to +70oc (C80C88) (C 80 C 88 - 2 ) 

Vcc = 5.0V ± 10 %: Ta = -40OC to +850C (I80C88) (I 80 C 88 - 2 ) 
Vcc = 5.0V ± 10%: Ta = - 550 c to + 1250 C (M 8 OC 88 ) 

Vcc = 5.0V ± 5%: T^ = - 550 c to +I 25 OC (M 80 C 88 - 2 ) 

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) TIMING REQUIREMENTS 


(DTCLCL 


(2)TCLCH 


(3) TCHCL 


(4)rCH1CH2 


(5)TCL2CL1 


PARAMETER 

CLK Cycle Period 


CLK Low Time 


MIN 

200 




TEST CONDITIONS 



(7)TCLDX1 


(8)TR1VCL 


{9)TCLR1X 


{10)TRYHCH 


{11)TCHRYX 


(12)TRYLCL 


CLK Rise Time 


CLK Fall Time 


Data in Setup Time 


Data in Hold Time 


RDY Setup Time into 
82C84 (See Notes 1, 2) 


RDY Hold Time into 
82C84 (See Notes 1, 2) 


READY Setup Time 
into 80C88 


READY Hold Time 
into 80C88 


READY Inactive to 
CLK (See Note 3) 


10 

ns 

From 3.5V to 1 .OV 


ns 

























































Specifications 80C88 


A.C. Electrical Specifications Vcc = 5 ov ± io%, 

Vcc = 5.0V ± 10 %, 
Vcc = 5.0V ± 10 %: 

Vcc = 5.0V ± 5%, 


Ta = OOC to +70OC (C80C88) (C80C88-2) 
Ta = -40OC to +850C (I80C88) (I80C88-2) 
Ta = - 550 c to +I 25 OC (M80C88) 

Ta = - 550 c to +I 25 OC (M80C88-2) 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) TIMING RESPONSES 




80C88-2 

80C88 



SYMBOL 

PARAMETER j 

MIN 

MAX 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

(18)TCLML 

Command Active 

Delay (See Note 1) 

5 

35 

5 

35 

ns 



{19)TCLMH 

Command Inactive 

Delay (See Note 1) 

5 

35 

5 

35 

ns 



(gojTRYHSH 

READY Active to Status 
Passive (See Notes 3, 5) 


65 


110 

ns 



(21)TCHSV 

Status Active Delay 

10 

60 

10 

110 

ns 



(22)TCLSH 

Status Inactive Delay 
(See Note 5) 

10 

70 

10 

T50 

ns 



(23)TCLAV 

Address Valid Delay 

10 

60 

10 

110 

ns 



(24)TCLAX 

Address Hold Time 

10 


10 


ns 



(25)TCLAZ 

Address Float Delay 

TCLAX 

50 

TCLAX 

80 

ns 



(26)TCHSZ 

Status Float Delay 


50 


80 

ns 



(27)TSVLH 

Status Valid to ALE 

High (See Note 1) 


20 


20 

ns 



TSVMCH 

(28) 

Status Valid to MCE 

High (See Note 1) 


30 


30 

ns 



(29)TCLLH 

CLK Low to ALE Valid 
(See Note 1) 


20 


20 

ns 



(30)TCLMCH 

CLK Low to MCE High 
(See Note 1) 


25 


25 

ns 



(31)TCHLL 

ALE Inactive Delay 
(See Note 1) 

4 

18 

4 

18 

ns 



TCLMCL 

(32) 

MCE Inactive Delay 
(See Note 1) 


15 


15 

ns 

Cl = 100 pF for all 
80C88 Outputs in 

(33)TCLDV 

Data Valid Delay 

10 

60 

10 

110 

ns 

aaaition to 

internal loaos 

(34)TCLDX2 

Data Hold Time 

10 


10 


ns 



(35)TCVNV 

Control Active Delav 
(See Note 1) 

5 

45 

5 

45 

ns 



(36)TCVNX 

Control Inactive 

Delay (See Note 1) 

10 

45 

10 

45 

ns 



(37)TAZRL 

Address Float to 

Read Active 

0 


0 


ns 



(38)TCLRL 

RD Active Delay 

10 

100 

10 

165 

ns 



(39)TCLRH 

^ Inactive Delay 

10 

80 

10 

150 

ns 



(40)TRHAV 

^ Inactive to Next 
Address Active 

TCLCL-40 


TCLCL-45 


ns 



{41)TCHDTL 

Direction Control 

Active Delay (See 

Note 1) 


50 


50 

ns 



(42)TCHDTH 

Direction Control 

Inactive Delay 
(See Note 1) 


30 


30 

ns 



(43)TCLGL 

GT Active Delay 

0 

50 

0 

85 

ns 



(44)TCLGH 

GT Inactive Delay 

0 

50 

0 

85 

ns 



(45)TRLRH 

^ Width 

2TCLCL-50 


2TCLCL-75 


ns 



(46)T0L0H 

Output Rise Time 


15 


15 

ns 

From 0.8V to 2.0V 

(47)T0H0L 

Output Fall Time 

_I 

15 


15 

ns 

From 2.0V to 0.8V 


NOTES 1 
2 . 
3. 

4 

5 


Signal at 82C84A or 82C88 shown for reference only 

Setup requirement for asynchronous signal only to guarantee recognition at next clock 
Applies only to T2 state (8 nanoseconds into T3) 

The 80C88 actively pulls the RQ/GT pin to a logic one on the following clock low time. 

Status lines return to their inactive (logic one) state after CLK goes low and READY goes high. 


3-169 


CMOS MICRO¬ 
PROCESSORS 





80C88 


Waveforms 

BUS TIMING > MAXIMUM MODE (USING 82C88) 



NOTES. 1 RDY is sampled near the end of T2, T3, Tw to determine if Tw machine states are to be inserted 

2 Signals at 82C84A or 82C88 are shown for reference only. 

3 Status inactive in state just prior to T4. 

4 The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, lORC, lOWC, AlOWC, 
TnTA and DEN) lags the active high 82C88 CEN 
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80C88 

Waveforms (Continued) 

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 



NOTE: The coprocessor may not drive the busses outside the region shown without risking contention 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



NOTE: Setup requirements for asynchronous signals only to guarantee recognition at next CLK 


ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 



NOTE: Setup requirements for asynchronous signals only to guarantee 
recognition at next CLK 
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Waveforms (Continued) 

RESET TIMING 



A.C. Test Circuit 


A.C. Testing input. Output Waveform 


OUTPUT FROM 
DEVICE UNDER TEST 

Cl* 


TEST 

POINT 


V 


INPUT 

OUTPUT 

VIH+ 20% VIH 

VOH 



VIL - 50% VIL 

VOL 


‘Includes stay and jig capacitance AC Testing- All input signals (other than CLK) must switch between 

VILmax -50% VIL and VIHmin +20% VIH. CLK must switch 
between O.AV and VCC -0.4V. Input rise and fall times are 
driven at 1 ns/V. 
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80C88 


Burn-In Circuits 


GND 

GND 

VCL 

GND 

GND 

VCL 

GND 

GND 

GND 

VCL 

VCL 

VCL 

OPEN 

OPEN 

OPEN 

OPEN 

GND 

GND 

FO 

GND 


MD80C88 (CERAMIC DIP) 



CARD 


MR80C88 (CERAMIC LCC) 



1. VCC = 5.5V ± 0.5V, GND = OV 

2. Input Voltage Limits (Except Clock): 

VIL (Maximum) = 0.4V 

VIH (Minimum) = 2.6V, VIH(ciock) = (VCC - 0.4V) Min 

3. VCC/2 is external supply set to 2.7V ±10% 

4. VCL is generated on program card (VCC - 0.65V) 

5. Pins 13-16 input sequenced instructions from internal hold devices, 
(DIP Only). 

6. FO = 100kHz ± 10% 

7. Node (2) = a 40)is pulse every 2.56ms 


COMPONENTS: 

1. Rl = lOkn ± 5%, 1/4W 

2. RO = 1 2kn ± 5%, 1/4W 

3. RIO = 2.7kn ± 5%, 1/4W 

4. RC = Ikn ± 5%, 1/4W 

5. C = 0.01 fjiF (Minimum) 
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Metallization Topology 

DIE DIMENSIONS: 

249.2 X 290.9 x 19 ± 1 mils 
METALLIZATION: 

Type; Silicon - Aluminum 
Thickness: 11 kA ± 2kA 
GLASSIVATION: 

Type: Si02 
Thickness; 8kA ± IkA 
DIE ATTACH: 

Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460OC (Max) 
Ceramic LCC — 420OC (Max) 

WORST CASE CURRENT DENSITY: 

1.5 X 105 A/cm2 


Metallization Mask Layout 

80C88 
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80C88 


Instruction Set Summary 


Mnemonic and 

_ Description _ 

DATA TRANSFER 
MOV = Move: 

Register/Memory to/from Register 
Immediate to Register/Memory 
Immediate to Register 
Memory to Accumulator 
Accumulator to Memory 
Register/Memory to Segment Register* * 
Segment Register to Register/Memory 


instruction Code 


76543210 


10001 Odw 


1 1 0001 1 w 


10 1 1 w reg 
1 0 1 OOOOw 


lOIOOOIw 


1 000 1 1 1 0 


1 000 1 1 00 


76543210 


mod reg r/m 
mod 0 0 0 r/m 


mod 0 reg r/m 
mod 0 reg r/m 


76543210 


addr-high 


76543210 


PUSH = Push: 

Register/Memory 


Segment Register 

POP = Pop: 

Register/Memory 


Segment Register 

XCHQ == Exchange: 

Register/Memory with Register 
Register with Accumulator 

IN = Input from: 


11111111 
0 1 0 1 0 reg 
0 0 0 reg 1 10 


1 000 1 1 1 1 
0 1 0 1 1 reg 
0 0 0 reg 1 1 1 


1000011w 


1 0 0 1 0 reg 


1 1 1 001Ow 
1 1 1011Ow 


mod 1 1 0 r/m 


mod 0 0 0 r/m 


mod reg r/m 


OUT = Output to: 


XLAT = Translate Byte to AL 
LEA = Load EA to Register 
LDS = Load Pointer to DS 
LES = Load Pointer to ES 
LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 
POPF = Pop Flags 


1 1 100 1 1 w 
1 1 1 0 1 1 1 w 


1 1 000 1 01 
1 1 0001 00 


10011110 

10011100 


mod reg r/m 
mod reg r/m 
mod reg r/m 
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Instruction Set Summary (Continued) 


I 


Mnemonic and 
Daacriptlon 


ARITHMETIC 7 6 5 4 3 2 10 


Reg /Memory with Register to Either | OOOOOOdw 

Immediate to Register/Memory | 1 OOOOOsw 

Immediate to Accumulator { 00000 1 Ow 

ADC - Add with Carry: 

Reg /Memory with Register to Either | 000 1 OOdw 

Immediate to Register/Memory ( 1 OOOOOsw 

Immediate to Accumulator | 000 1 0 1 Ow 

INC = Incramant: 

Register/Memory | 1 1 1 1 1 1 1 w 

Register | 0 1 0 0 0 reg 

AAA = ASCII Adjust for Add | 00110111 

DAA - Decimal Adjust for Add | 001 001 1 1 

SUB = Subtract: 

Reg./Memory and Register to Either j 0 0 1 0 1 0 d w 

Immediate from Register/Memory | 1 OOOOOsw 

Immediate from Accumulator | 0 0 1 0 1 1 Ow 

SBB « Subtract with Borrow 

Reg./Memory and Register to Either [ 0 0 0 1 1 0 d w 

Immediate from Register/Memory |_ 1 OOOOOsw 

Immediate from Accumulator | 0 0 0 1 1 1 0 w 

DEC =■ Dacramant: _ 

Register/Memory | 1 1 1 1 1 1 1 w 

Register { 0 1 0 01 reg 

NEQ - Change Sign \ 1111 011 w 

CMP = Compare: 

Register/Memory and Register | 00 1 1 1 Od w 

Immediate with Register/Memory | 1 OOOOOsw 

Immediate with Accumulator | 0 0 1 1 1 1 Ow 

AAS = ASCII Adjust for Subtract I 0 0111111 

DAS == Decimal Adjust for Subtract j 0 0 101111 

MUL Multiply (Unsigned) { 11110 1 1 w 

IMUL = Integer Multiply (Signed) | 11 1 1 0 11 w 

AAM = ASCII Adjust for Multiply | 110 10 100 

DIV = Divide (Unsigned) | 11110 11 w 

IDIV ^ Integer Divide (Signed) { 1 1 1 1 0 1 1 w 

AAD = ASCII Adjust for Divide | 110 10 10 1 

CBW == Convert Byte to Word { 1 00 1 1 000 

CWD = Convert Word to Double Word I 1 001 1 001 


Inatruction Coda 


76543210 76543210 


mod reg r/m 
mod 0 0 0 r/m 


mod reg r/m 
mod 0 1 0 r/m 


mod 0 0 0 r/m 


mod reg r/m 
mod 1 0 1 r/m 


mod reg r/m 
mod 0 1 1 r/m 


mod 0 0 1 r/m 


mod 0 1 1 r/m 


mod reg r/m 
mod 1 1 1 r/m 


mod 1 0 0 r/m 
mod 1 0 1 r/m 


00001010 
mod 1 1 0 r/m 


mod 1 1 1 r/m 
00001010 


76543210 


data if s:w = 01 


data if s:w = 01 


data If s:w = 01 


data if s:w = 01 


data if s:w = 01 
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Instruction Set Summary (Continued) 


Mnemonic and 

Description 

Instruction Code 

LOGIC 

76543210 


76543210 


76543210 

76543210 

NOT = Invert 

1 1 1 1 0 1 1 w 

X 

mod 0 1 0 r/m 

□ 



SHL/SAL = Shift Logical/Arithmetic Left 

110 1 OOvw 

X 

mod 1 0 0 r/m 

□ 



SHR = Shift Logical Right 

1101OOvw 

X 

mod 1 0 1 r/m 

□ 



SAR = Shift Arithmetic Right 

110 1 OOvw 

X 

mod 1 1 1 r/m 

□ 



ROL = Rotate Left 

1 1 0 1 OOvw 

X 

mod 0 0 0 r/m 

□ 



ROR = Rotate Right 

1 1 01OOvw 

X 

mod 0 0 1 r/m 

□ 



RCL = Rotate Through Carry Flag Left 

1 1 0 1 OOvw 

X 

mod 010 r/m 

□ 



RCR = Rotate Through Carry Right 

1101OOvw 

X 

mod 0 1 1 r/m 

□ 



AND = And: 







Reg /Memory and Register to Either 

001OOOdw 

X 

mod reg r/m 

□ 



Immediate to Register/Memory 

1 OOOOOOw 

X 

mod 10 0 r/m 

X 

data 

data if w = 1 1 

Immediate to Accumulator 

001001Ow 

X 

data 

X 

data if w = 1 


TEST = And Function to Flags, No Result: 







Register/Memory and Register 

1 0000 1 Ow 

X 

mod reg r/m 




Immediate Data and Register/Memory 

11 1 101 1 w 

X 

mod 0 0 0 r/m 

X 

data 

data if w = 1 | 

Immediate Data and Accumulator 

10 10 1 OOw 

X 

data 

X 

data if w = 1 


OR = Or: 







Reg /Memory and Register to Either 

00001Odw 

X 

mod reg r/m 

□ 



Immediate to Register/Memory 

1 OOOOOOw 

X 

mod 0 0 1 r/m 

X 

data 

data if w = 1 j 

Immediate to Accumulator 

000011Ow 

X 

data 

X 

data if w = 1 


XOR = Exclusive or: 







Reg /Memory and Register to Either 

001 1 OOdw 

X 

mod reg r/m 

D 



Immediate to Register/Memory 

1 OOOOOOw 

X 

mod 110 r/m 

X 

data 1 

data if w = 1 | 

Immediate to Accumulator 

001 1 01Ow 

X 

data 

X 

data if w = 1 | 


STRING MANIPULATION 







REP = Repeat 

1 11 1 00 1 z 

□ 





MOVS = Move Byte/Word 

1 01001Ow 

□ 





CMPS = Compare Byte/Word 

1 010011w 

□ 





SCAS = Scan Byte/Word 

1 0 1 0 1 1 1 w 

□ 





LODS = Load Byte/Wd to AL/AX 

1 01011Ow 

□ 





STOS = Stor Byte/Wd from AL/A 

1 0 1 0 1 0 1 w 

□ 





CONTROL TRANSFER 







CALL = Call: 







Direct Within Segrnent 

11101000 

X 

disp-low 

X 

disp-high 1 


Indirect Within Segment 

11111111 

X 

mod 010 r/m 

□ 



Direct Intersegment 

10011010 

X 

offset-low 

X 

offset-high | 




c: 

seg-low 

X 

seg-high | 


Indirect Intersegment | 

11111111 

X 

mod 0 1 1 r/m 

□ 








80C88 


Instruction Set Summary (Continued) 


Mnemonic and 
_ Description 

JMP = Unconditional Jump: 

Direct Within Segment 
Direct Within Segment-Short 
Indirect Within Segment 
Direct Intersegment 


Instruction Code 


76543210 


11101010 


76543210 


mod 1 0 0 r/m 


76543210 


offset-high 


Indirect Intersegment 

RET = Return from CALL: 

Within Segment 

Within Seg Adding Immed to SP 
Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 
JL/JNGE = Jump on Less/Not Greater 
or Equal 

JLE/JNG = Jump on Less or Equal/ 

Not Greater 

JB/JNAE = Jump on Below/Not Above 
or Equal 

JBE/JNA = Jump on Belo\w or Equal/ 

Not Above 

JP/JPE = Jump on Parity/Parity Even 
JO Jump on Overflow 
JS = Jump on Sign 

JNE/JNZ = Jump on Not Equal/Not Zero 

JNL/JGE = Jump on Not Less/Greater 
or Equal 

JNLE/JG = Jump on Not Less or Equal/ 
Greater 

JNB/JAE = Jump on Not Below/Above 
or Equal 

JNBE/JA = Jump on Not Below or 
Equal/Above 

JNP/JPO Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop CX Times 

LOOPZ/LOOPE = Loop While Zero/Equal 

LOOPNZ/LOOPNE = Loop While Not 
Zero/Equal 

JCXZ = Jump on CX Zero 

I NT = Interrupt 

Type Specified 


INTO = Interrupt on Overflow 
IRET = Interrupt Return 


mod 1 0 1 r/m 


11000010 


11001010 


01110100 

01111100 


01111110 


01110010 


01110110 

01111010 


01110000 


01111000 


01110101 


01111101 


01111111 


01110011 


01110111 


01111011 


01110001 


01111001 
1 1 1 0001 0 


1 1 1 00000 


11001100 

11001110 
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Instruction Set Summary (Continued) 


Mnemonic and 

_ Description _ 

PROCESSOR CONTROL 
CLC = Clear Carry 
CMC = Complement Carry 
STC = Set Carry 
CLD = Clear Direction 
STD = Sot Direction 
CLI = Clear Interrupt 
STI = Set Interrupt 
HLT = Halt 
WAIT = Walt 

ESC = Escape (to External Device) 
LOCK = Bus Lock Prefix 


76543210 

11111000 
11110101 
11111001 
111111 otT 
11111101 
11111010 
11111011 
11110100 
10011011 
110 1 1XXX 
11110000 


instruction Code 
76543210 


NOTES: 

AL = 8*bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive; 

Less = less positive (more negative) signed values 
if d = 1 then “to” reg; if d = 0 then “from” reg 
if w = 1 then word instruction; if w = 0 then byte instruc¬ 
tion 

if mod = 11 then r/m is treated as a REG field 
if mod = 00 then DISP = 0*. disp-low and disp-high are 
absent 

if mod = 01 then DISP = disp-low sign-extended to 
16 bits, disp-high is absent 
if mod =10 then DISP = disp-high; disp-low 
if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) -L DISP 

if r/m = oil then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 
If r/m = 101 then EA = (Dl) + DISP 
if r/m = 110 then EA = (BP) + DISP* 

If r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if re¬ 
quired) 

•except if mod = 00 and r/m = 110 then EA = disp- 
high: disp-low. 

••MOV CS. REG/MEMORY not allowed. 


mod XXX r/m 


if s:w = 01 then 16 bits of immediate data form the oper¬ 
and. 

if s:w = 11 then an immediate data byte is sign extended 
to form the 16-bit operand. 

If V = 0 then “count” = 1; if v = 1 then “count” In (CL) 
X = don’t care 

z is used for string primitives for comparison with ZF FLAG. 

SEGMENT OVERRIPE P REFIX 

0 0 1 reg 1 1 0 

REG is assigned according to the following table: 


16-Blt (w - 1) 

8-Bit (w 

= 0) 

Segment 

000 

AX 

000 

AL 

00 

ES 

001 

CX 

001 

CL 

01 

CS 

010 

DX 

010 

DL 

10 

SS 

oil 

BX 

011 

BL 

11 

DS 

100 

SP 

100 

AH 



101 

BP 

101 

CH 



110 

SI 

110 

DH 



111 

Dl 

111 

BH 




Instructions which reference the flag register file as a 16-blt 
object use the symbol FLAGS to represent the file: 

FLAGS = 

X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 
Mnemonics © Intel, 1978 
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INDUSTRY CMOS PERIPHERAL CROSS REFERENCE. 4-3 

CMOS PERIPHERAL DATASHEETS 

CDP1851, C Programmable I/O Interface. 4-5 

CDP1852, C Byte-Wide I/O Port. 4-17 

CDP1852/3, C/3 High-Reliability Byte-Wide I/O Port. 4-25 

CDP1853, C N-BIt 1 of 8 Decoder. 4-30 

CDP1853/3, C/3 High-Reliability N-Bit 1 of 8 Decoder. 4-34 

CDP1854A, AC Programmable UART. 5-41 

CDP1855, C 8-Bit Programmable Multiply/Divide Unit. 4-38 

CDP1857, C 4-Blt Bus Buffer/Separator. 4-51 

CDP1871A, AC Keyboard Encoder. 4-55 

CDP1872C High Speed 8-Bit Input Port. 4-64 

CDP1874C High Speed 8-Bit Input Port. 4-64 

CDP1875C High Speed 8-Bit Output Port. 4-64 

CDP1877, C Programmable Interrupt Controller (PIC). 4-69 

CDP 1878, C Dual Counter-Timer. 4-78 

CDP1879, C-1 Real-Time Clock. 4-91 

CDP1881, C 6-Blt Latch and Decoder Memory Interface. 4-107 

CDP 1882, C 6-Bit Latch and Decoder Memory Interface. 4-107 

CDP 1883, C 7-Bit Latch and Decoder Memory Interface. 4-113 

ICM7170 Microprocessor Compatible Real-Time Clock. 4-118 

82C237 Enhanced Programmable DMA Controller. 4-131 

82C284 Clock Generator and Ready Interface for 80C286 Processors. 4-157 

82C284/883 Clock Generator and Ready Interface for 80C286 Processors. 4-167 

82C37A Programmable DMA Controller. 4-176 

82C50A Asynchronous Communications Element. 5-3 

82C52 Serial Controller Interface. 5-23 

82C54 Programmable Interval Timer. 4-198 

82C55A Programmable Peripheral Interface. 4-215 

82C59A Priority Interrupt Controller. 4-237 

82C82 Octal Latching Bus Driver. 4-256 

82C83H Octal Latching Inverting Bus Driver. 4-263 
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82C84A Clock Generator Driver. 4-270 

82C85 Static Clock Controller/Generator ... 4-280 

82C86H Octal Bus Transceiver. 4-299 

82C87H Octal Inverting Bus Transceiver. 4-306 

82C88 Bus Controller. 4-313 

82C89 Bus Arbiter. 4-322 

RELATED APPLICATION NOTES 

App Note 109 82C59A Priority Interrupt Controller. 7-15 

App Note 7275 User’s Guide to the CDP1879 and CDP1879C1 CMOS Real-Time Clocks. 7-70 

App Note 7374 The CDP1871A Keyboard Encoder. 7-88 
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CDP 1800 -Series CMOS Peripherals 

Can be used with CMOS and NMOS Processors 


RCA I/O TYPE 

DESCRIPTION AND 
FUNCTION 


MICROPROCESSOR BUS | 

INPUT 

LEVELS 

(NOTE 2) 

FANOUT 

(TTL 

LOADS) 


MULTIPLEXED 

NONMULTIPLEXED | 

RCA 

RCA/MO¬ 

TOROLA 

INTEL 

INTEL/ 

NSC 

ZILOG 

ROCK¬ 

WELL 

1800 

SERIES 

68HC05 

6805 

8048, 8051 
80C48, 80C51 

8049, 80C49 
8088 

8085 

80C85 

NSC800 

Z80 

6502 

65C02 

1 I/O PORTS 1 

CDP1851 

Programmable I/O Port 

Yes 

Note 1 

Note 1 

Note 1 

Yes 

Yes 

CMOS 

1 

CDP1852 

Byte-Wide I/O Port 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

CMOS 

1 

CDP1857 

4-Bit Bus Buffer/ 

Separator 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

CMOS 

1 

CDP1872 

8-Bit Input Port 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

CMOS 

3 

CDP1874 

8-Bit Input Port 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

CMOS 

3 

CDP1875 

8-Bit Input Port 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

CMOS 

3 

1 uBmm m decoders 



CDP1853 

N-Bit 1 of 8 Decoder 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

CMOS 

1 

CDP1881 

6-Bit Latch/Decoder 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

CMOS 

1 

CDP1882 

6-Bit Latch/Decoder 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

CMOS 

1 

CDP1883 

7-Bit Latch/Decoder 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

CMOS 

1 

[SERIAL VO ! 

CDP1854A 
(Note 3) 

UART 

Yes 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

CMOS 

1 

CDP6402 

UART 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

CMOS 

1 

[MULTtPLV/DIVlDE j 

CDP1855 

8-Bit Programmable 

MDU 

Yes 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

CMOS 

1 

KEVBOARDINTERPAOE 


CDP1871A 1 Keyboard Encoder | Yes | Note 1 | Note 1 | Note 1 | Note 1 

Notel 1 CMOS 1 

TIMER fmOTimB 


CDP1878 

Dual Counter-Timer 

Yes 

Note 1 

Note 1 

Note 1 

Yes 

Yes 

CMOS 

1 

CDP1879 

Real-Time Clock 

Yes 

Use 6818, 
A 

Use 6818, A 

Use6818, 

A 

Yes 

Yes 

CMOS 

1 

1 INTERRUPT CONTROL j 

CDP1877 

Programmable Interrupt 
Controller 

Yes 

No 

No 

No 

No 

No 

CMOS 

1 


NOTES: 

1. Yes but requires additional “glue parts”. 

2. 1 TTL load, i.e., < 0.4V at 1.6mA 

3. Operating in 1800 compatible mode (mode 1). Otherwise see CDP6402 for mode 0 information. 
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80CXXX Family 
Peripheral Cross Reference 


HARRIS 

INTEL 

NEC 

OKI 

MITSUBISHI 

PERIPHERALS 

82C37A-5 

82C37A-5 

^PD71037 

HPD8237A-5 

MSM82C37A-5 

M5M82C37A-4, -5 


VL82C37A-4 

VL82C37A-5 

TMP82C37A-5 

CA82C37A-5 

VL82C37A-8 

KS82C37A 

SMC82C37A 



CA82C88 

KS82C88 























































































SEMICONDUCTOR 


CDP1851 

CDP1851C 


February 1992 


Features 

• 20 Programmable I/O Lines 

• Programmable for Operation in Four Modes: 

- Input 

- Output 

- Bidirectional 

- Bit-programmable 

• Operates in Either I/O or Memory Space 

Ordering Information 


Plastic DIP -40°Cto+85°C CDP1851CE 


CDP1851CEX 


ICDP1851CD CDP1851D 




CDP1851CDX ICDP1851DX 


CMOS Programmable I/O Interface 


Description 

THE CDP1851 and CDP1851C are CMOS programmable 
two-port I/Os designed for use as general-purpose I/O 
devices. They are directly compatible with CDP1800-series 
microprocessors functioning at maximum clock frequency. 
Each port can be programmed In either byte-l/0 or bit-pro¬ 
grammable modes for interfacing with peripheral devices 
such as printers and keyboards. 

Both ports A and B can be separately programmed to be 8 
bit Input or output ports with handshaking control lines, RDY 
and STROBE. Only port A can be programmed to be a bidi¬ 
rectional port. This configuration provides a means for com¬ 
municating with a peripheral device or microprocessor 
system on a single 8 bit bus for both transmitting and receiv¬ 
ing data. Handshaking signals are provided to maintain 
proper bus access control. Port A handshaking lines are 
used for input control and port B handshaking lines are used 
for output; therefore port B must be In the bit-programmable 
mode where handshaking is not used. 

Ports A and B can be separately bit programmed so that 
each individual line can be designated as an input or output 
line. The handshaking lines may also be individually pro¬ 
grammed as input or output when port A is not in bidirec¬ 
tional mode. 

The CDP1851 has a supply-voltage range of 4V to 10.5V, 
and the CDP1851C has a range of 4V to 6.5V. Both types 
are supplied in 40-lead dual-in-line plastic (E suffix) or her¬ 
metic ceramic (D suffix) packages. The CDP1851C is also 
available in chip form (H suffix). 


Pinout 


CDP1851 Programming Modes 


40 LEAD DIP 

TOP VIEW 


BUS1 

[I 

BUS2 

[I 

BUSS 

[£ 

BUS4 

II 

BUSS 

Qo 

BUS6 


BUST 

m 

SCear 

ID 

aTFit 

m 

bIntt 

m 

BRDY 

E 

B 

rn 

STROBE 

LL: 

BO 

El 

B1 

in 

Vss 

IE 



^ARDY 

§ STROBE 
^AO 


MODE 

(8) 

PORTA 
DATA PINS 

(2) 

PORTA 

HANDSHAKING 

PINS 

(8) 

PORTS 
DATA PINS 

(2) 

PORTS 

HANDSHAKING 

PINS 

Input 

Accept Input 

Data 

READY, STROBE 

Accept Input Data 

READY, STROBE 

Output 

Output Data 

READY, STROBE 

Output Data 

READY, STROBE 

Bidirectional 
(Port A Only) 

Transfer Input/ 
Output Data 

Input Handshaking 
for Port A 

Must be Previous¬ 
ly Set to Bit-Pro¬ 
grammable Mode 

Output Handshaking 
for Port A 

Bit-Program¬ 

mable 

Programmed In¬ 
dividually as In¬ 
puts or Outputs 

Programmed Individ¬ 
ually as Inputs or 
Outputs 

Programmed Indi¬ 
vidually as Inputs 
or Outputs 

Programmed Individ¬ 
ually as Inputs or 
Outputs 





CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1991 


File Number 1056.1 
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Specifications CDP1851, CDP1851C 


MAXIMUM RATINGS, Absolute-Maxi mum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vqd) 

(Voltage referenced to Vss Terminal) 

CDP1851 . 

CDP1851C. 

INPUT VOLTAGE RANGE, ALL INPUTS. 

DC INPUT CURRENT, ANY ONE INPUT. 

POWER DISSIPATION PER PACKAGE (Pq); 

For Ta = -40 to +60® C (PACKAGE TYPE E) . 

For Ta = +60 to +86® C (PACKA 3E TYPE E). 

For Ta = -55 to 100®C (PACKAC E TYPE D) . 

ForTA = +100to +126®C (PACK \GE TYPE D). 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Type) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D, H . 

PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE (Tgtg). 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . 


.-0.5 to +11 V 

.-0.5 to +7 V 

.-0.5 to Vdd +0.5 V 

.±10 mA 

. 500 mW 

Derate Lineary at 12 mW/®C to 200 mW 

. 500 mW 

Derate Lineary at 12 mW/®C to 200 mW 

.40 mW 

.-55 to+125® C 

.-40 to +85® C 

.-65 to+150® C 

. +265®C 


OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions should 
be selected so that operation Is always within the following ranges: 



LIMITS 


CHARACTERISTIC 

CDP1851 

CDP1851C 

UNITS 


MIN. 

MAX. 

MIN. 

MAX. 


DC Operating Voltage Range 

Input Voltage Range 




6.5 

Vdd 

V 



Fig. 1 - Functional diagram for CDP1851 and CDP1851C. 
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Specifications CDP1d51, CDP1851C 

STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85® C, Vdd ± 5%, Except as noted 




CONDITIONS 

LIMITS 


CHARACTERISTIC 


Vo 

V|N 

Vdd 

CDP1851 

CDP1851C 

UNITS 



(V) 

(V) 

(V) 

Min. 

Typ.* 

Max. 

Min. 

• 

d. 

Max. 


Quiescent Device Current 

'dd 

- 

0, 5 

5 

B 

0.01 

50 

- 

0.02 

200 

/iA 



— 

0, 10 

10 


1 

200 

— 

— 

— 

Output Low Drive 


ggi 

0,5 

5 

1.6 

3.2 

B 

1.6 

3.2 

B 


(Sink) Current 

'OL 


0, 10 

10 

2.6 

5.2 

B 

— 

_ 

B 


Output High Drive 



0, 5 

5 

-1.15 

-2.3 


-1.15 

-2.3 


mA 

(Source) Current 

IQH 

IB 

0, 10 

10 

-2.6 

-5.2 

11^1 

— 

— 

191 


Output Voltage 



0. 5 

5 

B 

■1 

0.1 

bbi 

0 

0.1 


Low-Level 

VOL* 

imu 

0, 10 

10 

B 

■i 

0.1 


— 

— 


Output Voltage 


IBH 

0,5 


B 

B 


4.9 

5 

BIB 


High Level 

VoHt 

imu 

0, 10 



Hi 

Hi 

— 

— 

B 

y 

Input Low Voltage 

V|L 


— 

5 

10 

B 

Bi 

1.5 

— 

B 





— 



3 

— 


- 


Input High Voltage 

V|H 

0.5, 4.5 

B 

5 

10 

3.5 

- 

B 

3.5 

B 

B 



0.5, 9.5 


7 

— 


— 




Input Leakage Current 

•in 

IQnjjl 

0,5 

5 

B 

B 

H 

B 

B 

±1 




0, 10 

10 



mSM 



— 

//A 

3-State Output Leakage 


0, 5 

0,5 

5 

B 

B 

— 

±1 

B91 

■Bi 

±1 

Current 

'out 

0, 10 

0, 10 

10 

B 

B 

±1 

B 

B 

— 



1 A 

_ 

0, 5 

5 


1.5 

BH 


1.5 

3 


Operating Current 

Iddi 


0, 10 

10 


n 



mA 


— 


6 

HHl 

— 

— 


Input Capacitance 

C|N 

— 

— 

— 

— 

5 

mm 

— 

5 

BSi 

PF 

Output Capacitance 

Gout 

- 

- 

- 

- 

10 

15 

- 

10 

15 


•Typical values are for Ta = 25°C and nominal Vqd- 
= iOH = 1 

^Operating current Is measured at 200 kHz for Vdd = 5 V and 400 kHz for Vqd = 10 V, with open outputs (worst-case 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 


FUNCTIONAL DESCRIPTION 


The CDP1851 has four modes of operation: input, output, 
bidirectional, and bit-programmable. Port A is program¬ 
mable in all modes; port B is programmable in all but the 
bidirectional mode. A control byte must be loaded into the 
control register to program the ports. In the input and 
output modes, each port has two handshaking signals, 
STROBE and RDY. In the bidirectional mode, port A has 
four handshaking signals: A RDY and A STROBE for input, 
B RDY and B STROBE for output. If port A is programmed in 
the bidirectional mode, port B must be programmed in the 
bit-programmable mode. Each terminal of port A or B may 
be individually programmed for input or output in the bit- 
programmable mode. Since handshaking is not used in this 
mode, the RDY and STROBE lines may also be used for 
bit-programming if port A is not in the bidirectional mode. 
Input Mode 

When a peripheral device has data to input, it sends a 


STROBE pulse to the PIO. The leading edge of this pulse 
clears the RDY line, inhibiting further transmission from the 
peripheral. The trailing edge of the STROBE pulse latches 
the data into the PIO buffer register and also activa tes the 
TFTf line to signal the CPU to read this da^The INT pin can 
be wired totheinT pinoftheCPU ortheEF lines for polling. 
The CPU then executes an Input or a load instruction, 
depending on the mapping technique used. In either case 
the proper code must be asserted on the RAO, RA1, and CS 
lines to read the buffer register (see Table VI). 

ThelNT line is deactivated on the leading edgeof TPB. The 
trailing edge of TPB sets the RDY line to signal the 
peripheral that the port is ready to be loaded with new data. 
If RDY is low when the input mode is entered (i.e. after a 
reset), a “dummy” read must be done to set RDY high and 
signal the peripheral device that the port is ready to be 
loaded. 
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CDP1851, CDP1851C 

FUNCTIONAL DESCRIPTION (Confd) 


Output Mode 

A peripheral STROBE pulse sent to the PIO generates an 
Interrupt to signal the CPU that the peripheral device Is 
ready for data. The CPU executes the proper output or store 
Instruction. Data are than read from memory and placed on 
the bus. The data are latched into the port buffer at the end 
of the window when RE/WE = 0 and WR/RE = 1. The RDY 
line is also set at this time, indicati ng t o the peripheral that 
there is data in the port buffer. The FFTT line is deactivated at 
the beginning of the window. After the peripheral reads 
valid port data, it can send another STROBE pulse, clearing 
the RDY line and activating the INT line as in the input 
mode. 

Bidirectional Mode 

This mode programs port A to function as both an input and 
output port. The bidirectional feature allows the peripheral 
to control port direction by using both sets of handshake 
signals. The port A handshaking pins are used to control 
input data from peripheral to PIC, while the port B 
handshaking pins are used to control output data from PIC 
to peripheral. Data are transferred in the same manner as 
the input and output modes. Since A iNt is used for both 


input and output, the status re giste r must be read to 
determine what condition caused A INT to be activated (see 
Table V). 

Bit—Programmable Mode 

This mode allows individual bits of port A or port B to be 
programmed as inputs or outputs. To output data to bits 
programmed as outputs, the CPU loads a data byte into the 
8 bit port as in the output mode (no handshaking). Cniy bits 
programmed for outputs latch this data. Data must be stable 
when reading from bits programmed as inputs, since the 
Input bits do not latch. When the CDP1851 Inputs data to the 
CPU the CPU also reads the output bits latched during the 
last output cycle. The RDY and STRCBE lines may be used 
for I/C by using the STRCBE/RDY I/C control byte in table 
II. An additional feature available in the bit-programmable 
mode is the ability to generate interrupts based on 
input/output byte combinations. These Interrupts can be 
programmed to occur on logic conditions (AND, CR, 
NAND, and NCR) generated by the eight I/C lines of each 
port (The STRCBE and RDY lines cannot generate 
interrupts). 



TPB 


M^ 


mWr 


TPA 


AO 


Al 


A2 

CDPI800 

A3 

FAMILY 

A4 

p.P 

A5 


A6 


A7 


fl 



^ 1 


. ] 


















1 









— 



Ovdd 

S 10 kil 








1 ^ 





_ 







ADDRESS REGISTER | 

ADDRESS 

SELECTS 

8001 

NO 1 CONTROL/ 
STATUS REG 

8002 

NO 1 PORT A 

8003 

NO 1 PORT B 

8004 

NO 2 CONTROL/ 
STATUS REG 

8008 

NO. 2 PORT A 

800C 

NO. 2 PORT B 


TPB 

WR/”^ 

RD/W 

CLOCK 

RAO 

RAI 


PIO 
NO. I 
CDPI85I 


B INT 
A INT 




t1 




BUS 0-7 

TPB 

WR/RE 

RD/^ 

CLOCK 

RAO 

RAI 

CS 

aInt 

B INT 

PIO 
NO 2 
CDPI85I 


► A RDY 

► B RDY 

- A STROBE 

- B STROBE 




PORT B0-B7 




► A RDY 

► B RDY 

- A STROBE 

- B STROBE 

PORT AO -A7 


92CM-3I924 


Fig. 2-Memory space I/O. This configuration allows up to four CDP1851S to occupy 
memory space 8XXX with no additional hardware {A4 - A5 and A6-A7 are used as 
RAO and RA1 on the third and fourth PIO's). 


4-8 






CDP1851, CDP1851C 

PROGRAMMING 


1. Initialization and Controls 

The CD P1851 PIO must be cleared by a low on the 
CLEAR input during power-on to set it for programming. 
Once programmed, modes can be changed without 
clearing except w hen exit ing the bit-programmable 
mode. A low on the CLEAR input sets both ports to the 
Input modes, disables interrupts, unmasks all bit- 
programmed Interrupt bits, and resets the status 
register, A RDY, and B RDY. 

2. Mode Setting 

The control register must be sequentially loaded with 
the appropriate mode set control bytes in order as 
shown in table I (i.e. Input mode then output mode, 
etc.). Port A is set with the SET A bit = 1 and port B is set 
with the SET B bit = 1. If a port is set to the bit- 
programmable mode, the bit-programming control byte 
from table II must be loaded. A bit is programmed for 
output with the I/O bit = 1 and for input with the I/O bit = 
0. The STROBE and RDY lines may be programmed for 
input or output with the STROBE/RDY control byte of 


table tl. input data on the STROBE and RDY lines is 
detected by reading the status register. When using the 
STROBE or RDY lines for output, the control byte must 
be loaded every time output data is to be changed. To 
program logical conditions that will generate an 
Interrupt, the Interrupt control byte of table III must be 
loaded. An interrupt mask of the eight I/O lines may be 
loaded next, if bit D4 (mask follows) of the interrupt 
control byte = 1. The I/O lines are masked if the 
corresponding bit of the Interrupt mask register is 1, 
otherwise it is monitored. Any combination of masked 
bits are permissable, except all bits masked (mask = 
FF)- 

3. INT Enable/Disable _ 

To enable or disable the INT line in all modes, the 
interrupt ENABLE/DISABLE byte must be loaded (see 
Table iV). Interrupts can also be detected by reading 
the status register see table V. All interrupts should be 
disabled w hen programming or false interrupts may 
occur. The INT outputs are open drain NMOS devices 
that allow wired ORing (use 10K pull-up registers). 


A FLOW CHART GUIDE TO CDP1851 MODE PROGRAMMING 



3. INTERRUPT STATUS IS ALSO READ FROM 
STATUS REGISTER. 

92CM- 34908 
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CDP1851, CDP1851C 


TABLE I [RA1=0,RA0=1] 


MODE SET * 

7 

6 

5 

4 

3 

2 

1 

0 

Input 

0 

0 

X 

Set B 

Set A 

X 

1 

1 

Output 

0 

1 

X 

Set B 

Set A 

X 

1 

1 

Bit-Programmable 

1 

1 

X 

Set B 

Set A 

X 

1 

1 

Bidirectional 

1 

0 

X 

X 

Set A 

X 

1 

1 


* Modes should be set in order as shown in Table I 

If either port is set for bit-programmable mode, the two following control bytes should immediately follow: 


TABLE II [RA1=0,RA0=1] 


Bit-Programming 

7 

6 

5 

4 

3 

2 

1 

0 

1/07 

1/06 

1/05 

1/04 

1/03 

1/02 

1/01 

1/00 

STROBE/RDY I/O Control^ 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


^Output = 1 
^Input = 0 

(D1) 0 = Port A, 1 = Ports 

(D2) 0 = No change to RDY line function, 1 = Change per bit (D6) 

(D3) 0 = No change to STROBE line function, 1 = Change per bit (D7) 

(D4) RDY line output data 
(D5) STROBE line output data 
(D6) RDY line used as: 

Output = 1 
Input = 0 

(D7) STROBE line used as: 

Output = 1 
Input = 0 

If interrupts will be used for either bit-programmed port, the following control bytes should be loaded: 

TABLE III [RA1=0. RA0=1] 


INTERRUPT CONTROL 

■■ 

6 

5 

4 

3 

2 

1 

0 

Logical Conditions and Mask 

0 

D6 

D5 

D4 

D3 

1 

0 

1 


(D3) 0 = Port A, 1 = Port B 

(D4) 0 = No change in mask, 1 = Mask follows (See TABLE Ilia) 
(D5) (D6) 0. 0 = NAND; 1. 0 = OR; 0,1 = NOR; 1,1= AND 


TABLE Ilia [RA1=0, RA0=1] 


INTERRUPT CONTROL 

7 

6 

5 

4 

3 

2 

1 

mi 

Mask Register 
(If D4 = 1) 

B7 

Mask 

B6 

Mask 

B5 

Mask 

B4 

Mask 

B3 

Mask 

B2 

Mask 

B1 

Mask 

BO 

Mask 


If Bn Mask = 1 then mask ,Bit (for n = 0 to 7) 
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CDP1851, CDP1851C 


TABLE IV [RA1=0,RA0=1] 



7 

6 

5 

4 

3 

2 

1 

0 

Interrupt 

Enable/Disable 

Fnt 

Enable 

X 

X 

X 

A/B 

0 

0 

■ 


INT Enable = 1, INT Enabled A/B = 0, Port A 

= 0, INT Disabled =1, Port B 

TABLE V [RA1=0,RA0=1] 



7 

6 

5 

4 

3 

CM 

1 

0 

Status Register 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


(DO) B INT status (1 means set) | ah nii ^ A RDY input data 

(D1) A INT status (1 means set) ) ° (D5) A STROBE input data 

(D2) 1 = A INT was caused by A STROBE ) Bidirectional Mode (D6) B RDY Input data 

(D3) 1 = aWt was caused by B STROBE ) Only (D7) B STROBE input data 

TABLE VI — CPU CONTROLS 


CS* 

RA1 

RAO 

RD/WE 

WR/RE 

Action 

0 

X 

X 

X 

X 

No-op bus 3-stated 

X 

0 

0 

X 

X 

No-op bus 3-stated 

X 

X 

X 

0 

0 

No-op bus 3-stated 

X 

X 

X 

1 

1 

No-op bus 3-stated 

X 

X 

X 

1 

1 

No-op bus 3-stated 

1 

0 

1 

1 

0 

Read * status register 

1 

0 

1 

0 

1 

Load control register 

1 

1 

0 

1 

0 

Read * port A 

1 

1 

0 

0 

1 

Load port A 

1 

1 

1 

1 

0 

Read * port B 

1 

1 

1 

0 

1 

Load port B 


* Read = RD/WE = 1 and WR/RE = 0 is latched on trailing edge of CLOCK. 


FUNCTION PIN DEFINITION 

CLOCK (Input): 

Positive input pulse that latches READ and CS on its trailing 
edge. 

CS - CHIP SELECT (Input) 

A high-level voltage at this input selects the CDP1851 PIO. 

FiAO — REGISTER ADDRESS 0 (Input): 

This Input and RA1 are used to select either the ports or the 
control/status registers. 

RA1 - REGISTER ADDRESS 1 (Input): 

See RAO 


BUS 0 ~ BUS 7: 

Bidirectional CPU data bus. 

CLEAW (Input) 

A low-level voltage at this input resets both ports to the 
input mode, and also resets the status register. A RDY, B 
RDY, and interrupt enable (disabling interrupts). 

aTnT — A INTERRUPT (Output): 

A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table III. This 
output is an open-drain NMOS device (to allow wired 
ORing) and must be tied to a pullup resistor, normally 10 
kQ. 


PIO Terminals 
CPU Terminals 


TABLE VII MEMORY I/O USE 



_ 




RD/WE Input 

WR/RE Input 

TPB Input 

I/O Space 

MRD 

TPB 

TPB 

Memory Space 

MWR 

MRD 

TPB 


Bit-Programmable 

Mode 
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CDP1851, CDP1851C 

FUNCTION PIN DEFINITION (Cont’d) 


B INT - B INTERRUPT (Output): 

A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table III. This 
output is also an open-drain NMOS device and must be tied 
to a pullup resistor. 

B RDY — B READY (Output): 

This output is a handshaking or data bit I/O line in the 
bit-programmable mode. 


B STROBE (Input): 

An input handshaking line for port B in the input and output 
modes, and for port A when it is in the bidirectional mode. It 
can be used as a data bit I/O line in the bit-programmable 
mode except when port A is not programmed as 
bidirectional. 


B 0 - B 7: 

Data input or output lines for port B. 


Vss: 

Ground 


A 0 - A 7: 

Data input or output lines for port A. 

A STROBE (Input): 

An input handshaking line for port A in the input, output, 
and bidirectional modes. It can also be used as a data bit I/O 
line when port A is in the bit-programmable mode. 

A RDY - A READY (Output): 

A output handshaking line or data bit I/O line. 

TPB (Input): 

A positive input pulse used as a data load, set, or reset 
strobe. 

WR/RE - WRITE/READ ENABLE (Input): 

A positive input used to write data from the CDP1851 to the 
CPU bus. 

RD/w£ — READ/WRITE ENABLE (Input): 

A positive input used to read data from the CPU bus to the 
CDP1851 bus. 

Vqd: 

Positive supply voltage. 



92CM-3i925 


Fig. 3 - I/O space I/O. 
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Specifications CDP1851, CDP1851C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ± 5*!^. 
tr, t( = 20 na, V|h = 0.7 Vdd. V|L = 0.3 Vdd. Cl = 100 pF 



CDP18S1 


Min. I Typ.* Max. 


CDP1851C 


Input Mode tee Figs. 4 and 5 


Minimum Setup Times: 


5 

Chip Select to CLOCK 

tCSCL 

10 



5 

RD/WE to CLOCK 

tRWCL 

10 



5 

WR/RE to CLOCK 

tWRCL 

10 



5 

Data In to STROBE 

tDIST 

10 

Minimum Hold Times: 


5 

Chip Select After CLOCK 

tHCSCL 

10 



5 

Address After TPB 

thatpb 

10 



5 

Data In After STROBE 

tHSTDI 

10 



5 

Data Bus Out After Address 

tHADOH 

10 

Propagation Delay Times: 


5 

TPB to TnT 

‘PINT 

10 



5 

STROBE to TnT 

tSTINT 

10 



5 

TPB to RDY 

tTPRDY 

10 



5 

STROBE to RDY 

tSTRDY 

10 

Minimum Pulse Widths: 


5 

CLOCK 

tWCL 

10 



5 

TPB 

tWTPB 

10 


■■■ 

5 

STROBE 


10 

Access Time, Address to Data 


5 

Bus Out 

tADA 

10 



•Typical values are for Ta = 25® C and nominal voltages. 

■‘’Maximum limits of minimum characteristics are the values above which ail devices function. 
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CDP1851, CDP18S1C 



Fig. 4 - Interrupt signal propagation 



time test circuit and waveforms. 



Fig. 5 - Input mode timing waveforms. 








CDP1851, CDP1851C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85<>C, Vqd ^ 5%, 
tr, tf = 20 ns, V|h = 0.7 Vdd. V|L = 0.3 Vdd. Cl = 100 pF 


CHARACTERISTIC 

Vdd 

(V) 

Min. 

LIM 

TS 

UNITS 

CDP1851 

CDP1851C 

Typ.* 

Max.* 

Min. 

Typ.* 

Max.+ 

Output Mode see Figs. 4 and 6 

Minimum Setup Times: 


5 

_ 

50 

75 

_ 

50 

75 


Chip Select to CLOCK 

tCSCL 

10 

— 

25 

40 

— 

— 

— 




5 

■■ 

WS8 

120 

bb 

75 

120 


RD/WE to CLOCK 

tRWCL 

10 

IH 

Bl 

60 

B 

— 

— 




5 

B 

MB 

120 

B 

75 

120 


WR/^ to CLOCK 

tWRCL 

10 

^9 

Bl 

60 

B 

— 

— 




5 

1119 

50 

75 

|B9 

50 

75 


Address to WRITE * 

tAW 

10 

H 

25 

40 

19 

— 

— 




5 

B 

80 

120 


80 

120 


Data Bus to WRITE * 

tDW 

10 

B 

40 

60 

B 

- 

- 


Minimum Hold Times: 


5 


^9 

120 

B 

75 

120 


Chip Select After CLOCK 

tHCSCL 

10 

B 

Bl 

60 

B 

- 

- 




5 


50 

75 

B 

50 

75 


Address After WRITE * 

tHAW 

10 

B 

25 

40 

B 

- 

- 




5 

||B|H 

50 

75 

■HB 

50 

75 


Data Bus After WRITE * 

tHDW 

10 

B 

25 

40 

B 

- 

- 

ns 

Propagation Delay Times: 


5 


225 



225 

350 


WRITE * to Data Out 

tWDO 

10 

H 

125 

IIQ^b 

H 

- 

— 




5 


1^ 

450 

B 

300 

450 


WRITE * to li^r 

tWINT 

10 

B 

Bl 

225 

B 

— 

— 




5 




MSM 

350 

525 


WRITE * to RDY 

tWRDY 

10 

H 


E9 

^9 

- 

- 




5 





200 

300 


STROBE tolNT 

tSTINT 

10 

H 



B 

- 

- 




5 





260 

400 


STROBE to RDY 

tSTRDY 

10 

H 

Bl 

Bl 

B 

- 

— 


Minimum Pulse Widths: 


5 


^9 

120 

B 

75 

120 


CLOCK 

tWCL 

10 

H 

Bl 

60 

B 

- 

- 




5 


100 

150 


100 

150 


STROBE 

tWST 

10 

B 

50 

75 

B 

- 

- 




5 

|B9 

175 

275 

BH 

175 

275 


WRITE * 

tww 

10 

H 

90 

150 

H 

— 

— 



* WRITE is the overlap of RD/WE = 0 and WR/RE = 1. 

•Typical values are for Ta = 26°C and nominal voltages. 

■^Maximum limits of minimum characteristics are the values above which ail devices function. 
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CDP1851, CDP1851C 



Fig. 6 - Output mode timing waveforms. 
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SEMICONDUCTOR 


CDP1852 

CDP1852C 


February 1992 


Byte-Wide Input/Output Port 


Features 

• Static Silicon-Gate CMOS Circuitry 

• Parallel 8 Bit Data Register and Buffer 

• Handshaking Via Service Request Flip-Flop 

• Low Quiescent and Operating Power 

• Interfaces Directly with CDP1800-Series 
Microprocessors 

• Single Voltage Supply 

• Full Military Temperature Range (-55®C to +125°C) 

Ordering Information 


TEMPERATURE 



RANGE 

5V 

10V 

-40°C to +85°C 

CDP1852CE 

CDP1852E 


CDP1852CEX 

CDP1852EX 

-40°C to +85°C 

CDP1852CD 

CDP1852D 

-55°C to +125°C 

CDP1852CD3 

CDP1852D3 


* Respective specifications are included at the end of this data 
sheet. 


Description 

The CDP1852 and CDP1852C are parallel, 8 bit, mode-pro¬ 
grammable input/output ports. They are compatible and will 
interface directly with CDP1800-series microprocessors. They 
are also useful as 8 bit address latches when used with the 
CDP1800 multiplexed address bus and as I/O ports In general- 
purpose applications. 

The mode control is used to program the device as an input port 
(mode = 0) or as an output port (mode = 1). The SR/SR output 
can be used as a signal to indicate when data is ready to be 
transferred. In the input mode, a peripheral device can strobe 
data into the CDP1852, and microprocessor can read that data 
by device selection. In the output mode, a microprocessor 
strobes data into the CDP1852, and handshaking is established 
with a peripheral device when the CDP1852 is deselected. 

In the input mode, data at the data-in terminals (D10-D17) Is 
strobed into the port’s 8 bit register by a high (1) level on the 
clock line. The negative high-to-low transition of the clock 
latches the data In the register an d set s the service request out- 
put low (SR/SR = 0). When CS1/CS1 and CS2 are high (CS1/ 
CS1 and CS2 = 1), the 3-state output drivers are enabled and 
data in the 8-bit register appear at the data-out ter minal s (DOO- 
D07). When either CS1/CS1 or CS2 goes low (CS1/CS1 or CS2 
= 0), the data-out terminals are tristated and the service request 
output returns high (SR/SR =1). 

In the output mode, the output drivers are enabled at all times. 
Data at the data-in term inals (D10-D 17) i s strobed into the 8 bit 
register when CS1/CS1 is low (CS1/CS1 = 0) and CS2 and the 
clock are high (1), and are present at the data-out terminals 
(D00-D07). The negative high-to-low transition of the clock 
latches the data in the register. The SR/SR outpu t goe s high 
(SR/SR = 1) when the device is deselected (CS1/CS1 = 1 or 
CS2 = 0) and returns low (SR/SR = 0) on the following trailing 
edge of the clock. 


Pinout 


Typical CDP1802 Microprocessor System 


24-LEAD DIP 
TOP VIEW 


CSI/CSI Ll 

mode|T 

dio|T 

doo[7 

DI1 |T 
D01 [T 
DI2|T 
D02[F 
DI3[7 
003 00 
CLOCK FT 


24|^D 

iH SR/SR 

i|DI7 

^007 

2^016 

19)006 

ii|oi5 

?3d05 

liloM 

ii|oo4 

CLEAR 

i3lcS2 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CDP1852, CDP1852C 


A CLEAR control is provided for resetting 
the port’s register (D00-D07 = 0) and ser- 
vice request flip-flop (input mode: SR/ 
SR=1 and output mode. Sr/SR=0) 

The CDP1852 is functionally Identical to 
the CDP1852C. The CDP1852 has a recom¬ 
mended operating voltage range of 4to 10.5 
volts, and the CDP1852C has a recom¬ 


mended operating voltage range of 4 to 6.5 
volts. 

The CDP1852 and CDP1852C are supplied 
in 24-lead, hermetic, dual-in-line ceramic 
packages (D suffix), in 24-lead dual-in-line 
plastic packages (E suffix). The CDP1852C 
is also available in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss Terminal 

CDP1852 .-0 5 to 4-11 V 

CDP1852C.-0 5 to -t-7 V 

INPUT VOLTAGE RANGE, ALL INPUTS .-0 5 to Vdd + 0.5 V 

DC INPUT CURRENT, ANY ONE INPUT.±10 mA 

POWER DISSIPATION PER PACKAGE (Pd) 

ForTA = -40 to±60°C (PACKAGE TYPE E) ... 

For Ta = + 60 to + 85° C (PACKAGE TYPE E)...Derate Linearly at 12 mW/‘ 

For Ta = -55 to + 100° 0 (PACKAGE TYPE D). 

For Ta= ±100 to±125°C (PACKAGE TYPE D).Derate Linearly at 12 mW/' 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . 

OPERATING-TEMPERATURE RANGE (Ta) 

PACKAGE TYPES D, H.-55 to±125°C 

PACKAGE TYPE E.-40 to ±85°C 

STORAGE TEMPERATURE RANGE (Ts,g).-65 to±150°C 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1 59 ± 0 79 mm) from case for 10 s max ...._ 


.500 mW 

C to 200 mW 

.500 mW 

C to 200 mW 

.100 mW 


.±265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = Full Package Temperature Range. 
For maximum reliability, operating conditions should be selected so that operation is always 
within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

CDP1852 

CDP1852C 

Min. 

Max. 

Min. 

Max. 

DC Operating Voltage Range 

4 

10.5 

4 

6.5 

V 

Input Voltage Range 

Vss 

Vdd 

Vss 

Vdd 




MODE 0 

MODE 1 

PI I 

CSI 


P23 

515 

SR 


92CS-27574RI 


Fig 2 - Block diagram of CD PI 852. 
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Specifications CDP1852, CDP1852C 



Fig 3 - CDP1852 logic diagram 



STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C 



CONDITIONS 

LIMITS 


CHARACTERISTIC 

Vo 

V,N 

Vdd 

CDP1852 

CDP1852C 

UNITS 


(V) 

(V) 

(V) 

Min. 

Typ* 

Max. 

Min. 

Typ.* 

Max. 


Quiescent Device 

— 

0,5 

5 

— 

— 

10 

— 

— 

50 


Current, Idd 

— 

0,10 

10 

— 

— 

100 

— 

— 

— 


Output Low Drive 

0.4 

0.5 

5 

1.6 

3.2 

— 

1.6 

3.2 

— 


(Sink) Current, Iol 

0.5 

0,10 

10 

3 

6 

— 

— 

— 

— 

mA 

Output High Drive 
(Source) Current, 

4.6 

0,5 

5 

-1.15 

-2.3 


-1.15 

-2.3 


loH 

9.5 

0,10 

10 

-3 

-6 

— 

— 

— 

— 


Output Voltage 

— 

0,5 

5 

— 

0 

0.1 

— 

0 

0.1 


Low Level, Vott 

— 

0,10 

10 

— 

0 

0.1 

— 

— 

— 


Output Voltage 

— 

E3 

B 


5 

— 

4.9 

5 

— 


High Level, Voh 

— 

EIEI 

lEI 


mm 

— 

— 

— 

— 

\/ 

Input Low Voltage, 


— 

5 

— 

— 

1.5 

— 

— 

1.5 

V 

V,L 

0.5,9.5 

— 

10 

— 

— 

3 

— 

— 

— 


Input High Voltage, 

eeee 

— 

5 


— 

— 

3.5 

— 

— 


V,H 


- 

lEI 

7 

— 

— 

— 

— 

— 
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Specifications CDP1852, CDP1852C 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C (Cont'd) 



CONDITIONS 



LIMITS 




CHARACTERISTIC 

Vo 


eg 

CDP1852 


CDP1852C 

UNITS 


(V) 


IBl 

Min. 

Typ* 


Ujjj 

ESS 

EE3i 


Input Current, 

— 

0,5 

KB 

— 

— 

■a 

— 

— 

±1 


l|N 

— 

BtEl 

lEI 

— 

— 

■a 

— 


— 


3-State Output 
Leakage Current, 

0.5 

0.5 

5 

_ 

_ 

±1 

■ 

■ 

±1 

//A 

louT 

0,10 

0,10 

■El 

— 

— 

■a 

— 


— 


Operating 

— 

E3 

5 

— 

130 

300 

— 

KRil 





BWBI 

■El 

— 

550 

800 






■ 

■ 

■ 

■ 

H 

m 

■ 


H 

pF 

Output 

Capacitance, Cout 

■ 

■ 


_ 

H 

m 

■ 





‘Typical values are for Ta = 25® C and nominal Vdd. 
floL = loH = 1 //A 

toperating current is measured at 2 MHz in an CDP1802 system with open outputs and a 
program of 6N56, 6NAA, 6N55, 6NAA,- 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vdd = ±5%, 
tr, tf = 20 ns, ViH — 0.7 Vdd. Vil == 0.3 Vdd. Cl — 100 pF, and 1 TTL Load 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

Min. 

Typ.* 

Max. 1 


Minimum Select Pulse Width, tsw 

5 

— 

180 

360 



10 

— 

90 

180 


Minimum Write Pulse Width, tww 

5 

— 

90 

180 



10 

— 

45 

90 


Minimum Clear Pulse Width, tcLR 

5 

— 

80 

160 



10 

— 

40 

80 


Minimum Data Setup Time, tDs 

5 

— 

-10 

0 



10 

— 

-5 

0 


Mininum Data Hold Time. tDH 

5 

— 

75 

150 



10 

— 

35 

75 

ns 

Data Out Hold Time, tDont 

5 

30 

185 

370 



10 

15 

100 

200 


Propagation Delay Times, tpLH. tpHL: 

5 

30 

185 

370 


Select to Data Outf, tsDo 

10 

15 

100 

200 


Clear to SR, Trsr 

5 

— 

170 

340 



10 

— 

85 

170 


Clock to SR, tesR 

5 

— 

110 

220 



10 

— 

55 

110 


Select to SR, tssR 

5 

— 

120 

240 



10 

— 

60 

120 



tMinimum value is measured from CS2, maximum value is measured from CS1/CS1 
‘Typical values are for Ta = 25° C and nominal Vqd 


INPUT PORT MODE 0 — TYPICAL OPERATION 


General Operation 

When the mode control is tied to VSS, the 
CDP1852 becomes an input port. In this 
mode, the peripheral device places data 
into the CDP1852 with a strobe pulse and 
the CDP1852 signals the microprocessor 
that data is ready to be transferred on the 


strobe’s trailing edge via the SR output line. 
The CDP1802 then issues an input instruc¬ 
tion that enables the CDP1852 to place the 
information from the peripheral device on 
the data bus to be entered into a memory 
location and the accumulator of the 
microprocessor. 
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CDP1852, CDP1852C 



MODE 0 TRUTH TABLE 


CLOCK 


_ 0 _ 

_ 0 _ 


Clear 

X 

0 


Data Out Equals 
High Impedance 

0 _ 

Data Latch 


SERVICE REQUEST TRUTH TABLE 


CLOCK 

CS1 or CS2 
or CLEAR 1 

^/SR 0 

SR/SR 1 


iCSI CS2 CS1 


1 CS2 1 


92CM-3I292R2 


Fig 4 - MODE 0 input port timing waveforms and truth tables. 



DATA BUS 



STROBE 

DATA FROM 
PERIPHERAL 



PERIPHERAL DEVICE 
PLACES DATA IN CDPI852 
AND CDPI852 SIGNALS 
CDPI802 THAT DATA IS READY 


CDPI802 SELECTS 
CDPI852 AND DATA 
IS TRANSFERRED 
TO MEMORY AND 
THE MICROPROCCESSOR 

92CM-33205 


Fig 5 - Input port mode 0 functional diagram and waveforms - typical operation. 


Detailed Operation (See Fig 5) 

The STROBE from the peripheral device 
places DATA into the 8-bit register of the 
CDP1852 when it goes high and latches the 
DATA on its trailing edge The SR output is 
set low on the strobe’s trailing edge This 
output IS connected to a flag line of the 
CDP1802 microprocessor and software 
polling will determine that the flag line has 
gone low and peripheral data is ready to be 
transferred. The CDP1802 then issues an 
input inst ructio n that places an Nx line high. 
With the MRD line also high, the CDP1852 
IS selected and its output drivers place the 


DATA from the peripheral device on the 
DATA BUS When the CDP1802 selected 
the CDP1852, it also selected and ad¬ 
dressed the memory via one of the 16 inter¬ 
nal address registers selected by an inter¬ 
nal “X” register The data from the CDP1852 
IS therefore entered into the memory [Bus 
— M(R{X))] The data is also transferred to 
the D register (accumulator) in the micro¬ 
processor (Bus — D). When the CDP1802’s 
execute cycle is completed, theCDP1852 is 
deselected by the Nx line returning low and 
its data output pins are tri-stated The SR 
output returns high 
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Specifications CDP1852, CDP1852C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vdd = ±5%, 
tr, tf = 20 ns, V,H = 0.7 Vdd, V,l = 0.3 Vdd. Cl = 100 pF, and 1 TTL Load 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

Min. 

Typ.* 

Max. 

MODE 1 — Output Port (Fig. 6) 



Minimum Clock Pulse Width, tcLK 

5 

— 

130 

260 



10 

— 

65 

130 


Minimum Write Pulse Width, tww 

5 

— 

130 

260 



10 

— 

65 

130 


Minimum Clear Pulse Width, tcLR 

5 

— 

60 

120 



10 

— 

30 

60 


Minimum Data Setup Time, tDs 

5 

— 

-10 

0 



10 

— 

-5 

0 


Minimum Data Hold Time, tDH 

5 

— 

75 

150 



10 

— 

35 

75 

ns 

Minimum Select-after-Clock 

5 

— 

-10 

0 


Hold Time, tsH 

10 

— 

-5 

0 


Propagation Delay Times, tpLH, tpHL 

5 

— 

140 

280 


Clear to Data Out, tpDo 

10 

— 

70 

140 


Write to Data Out, twDo 

5 

— 

220 

440 



10 

— 

110 

220 


Data In to Data Out, tDDo 

5 

— 

100 

200 



10 

— 

50 

100 


Clear to SR, tpsp 

5 

— 

120 

240 



10 

— 

60 

120 


Clock to SR, tcsR 

5 

— 

120 

240 



10 

— 

60 

120 


Select to SR, tssR 

5 

— 

120 

240 



10 

- 

60 

120 



‘Typical values are for Ta — 25° C and nominal Vdd 


OUTPUT PORT MODE 1 — TYPICAL OPERATION 


General Operation 


Connecting the mode control to Vdd config¬ 
ures the CDP1852 as an output port. The 
output drivers are always on In this mode, 
so any data in the 8-bit register will be pres¬ 
ent at the data-out lines whe n the CDP1852 
is selected. The N line and MRD connec¬ 
tions between the CDP1852 and CDP1802 
remain the same as in the input mode con¬ 
figuration, but now the clock input of the 
CDP1852 is tied to the TPB output of the 


CDP1802 and the SR output of the 
CDP1852 will be used to signal the periph¬ 
eral device that valid data is present on its 
input lines The microprocessor issues an 
output instruction, and data from the mem¬ 
ory IS strobed into the CDP1852 with the 
TPB pulse When the CDP1852 is de¬ 
selected, the SR output goes high to signal 
the peripheral device. 
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MODE 1 TRUTH TABLE 


Data Out Equals 


tCSI CS2 CS1 


0 CS2 1 


92CM-3I295RI 


Fig 6 - MODE 1 output port timing waveforms and truth tables 



DATA OUT TO 
PERIPHERAL DEVICE 


SIGNAL THAT 
INDICATES DATA 
IS READY 


DATA BUS 




CDPI852 IS SELECTED 
, AND DATA IS 
) STROBED INTO 
IT'S REGISTER 
WITH TPB 


DATA IS OUTPUTTED 
FROM THECDPI852 
AND THE PERIPHERAL 
DEVICE IS SIGNALED 
92CM-33204 


Fig 7 - Output port mode 1 functional diagram and waveforms - typical operation 


Detailed Operation (See Fig 7) 


The CDP1802 issues an output in struc tion 
The Nx line goes high and the MRD line 
goes low. The memory is accessed M(R{X)) 
— BUS and places data on the DATA BUS. 
This data are strobed into the 8-bit register 
of the CDP1852 when TPB goes high and 
latched on the TPB’s trailing edge. The 


valid data thus appears on the CDP1852 
output lines When the CDP1802 output in¬ 
struction cycle is complete, the Nx line goes 
low and the SR output goes high. SR will 
remain high until the trailing edge of the 
next TPB pulse, when it will return low. 
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CDP1852, CDP1852C 


MRD 




Nl 


\ 


\ 



SELECT 


Z 


60 


z 


65 



Z 




92CM- 3I293RI 

Fig. 8 - Execution of a "65” output instruction showing momentary selection of input port "D”. 


Application Information 

In a CDP1800 series microprocessor-based 
system where MRD is used to distinguish 
between INP and OUT instructions, an INP 
instruction is assumed to occur at th e be- 
ginning of every I/O cycle because MRD 
starts high. Therefore, at the start of an 
OUT instruction, which uses the same 3-bit 
N code as that used for selection of an input 
port, the input device is selected for a short 
time (see Fig. 8). This condition forces SR 
low and sets the internal SR latch (see Fig. 
3). In a small system with unique N codes 


TPA_ 


_n_ 


TPB —TL 

CE. 

EN*_ 
OUTPUT, 


_n_ 


ji_ 


J~L 


T-L 


OUTPUT ENABLED WHEH EN * HIGH 

INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG I) 

92CS-29024 


for Inputs and outputs, this situation does 
not arise. Using the CDP1853 N-bit decoder 
or equivalent logic to decode the N lines 
after TPA prevents dual selection In larger 
systems (see Fig. 9 and Fig. 10). 



Fig. 9 - CDP1853 timing waveforms. 


Fig. 10 - CD PI 853 functional diagram. 
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SEMICONDUCTOR 


CDP1852/3 

CDP1852C/3 


February 1992 


High-Reliability Byte-Wide Input/Output Port 


Features 

• Static Silicon-Gate CMOS Circuitry 

• Paraliei 8-Bit Data Register and 
Buffer 

• Handshaking Via Service Request 
Fiip-Flop 

• Low Quiescent and Operating Power 

• Interfaces Directly with CDP1800- 
Series Microprocessors 

• Single Voitage Supply 

• Full Military Temperature Range 
(-55®C to +125®C) 


Description 

The CDP1852/3 and CDP1852C/3 are parallel, 8-bit, mode-programmable input/output 
ports. They are compatible and will interface directly with CDP1800-series microproces¬ 
sors. They are also useful as 8 bit address latches when used with the CDP1800 multi¬ 
plexed address bus and as I/O ports in general-purpose applications. 

The mode control is used to program the device as an input port (mode = 0) or as an out¬ 
put port (mode = 1). The SR/SR output can be used as a signal to Indicate when data is 
ready to be transferred. In the input mode, a peripheral device can strobe data into the 
CDP1852/3, and microprocessor can read that data by device selection. In the output 
mode, a microprocessor strobes data Into the CDP1852/3, and handshaking is estab¬ 
lished with a peripheral device when the CDP1852/3 is deselected. 

In the Input mode, data at the data-in terminals (D10-D17) is strobed into the port’s 8-bit 
register by a high (1) level on the clock line. The negative high-to-low transition of the 
clock latches t he da ta in the register and s ets th e service request output low (SR/SR = 
0). When CS1/CS1 and CS2 are high (CS1/CS1 and CS2 = 1), the 3-state output drivers 
are enabled and data in the 8-bit register app ear a t the data-out terminals (D(X)-D07). 
When either CS1/CS1 or CS2 goes low (CS1/CS1 or CS2 = 0), the data-out terminals 
are tristated and the service request output returns high (SR/SR =1). 

In the output mode, the output drivers are enabled at all ti mes. Data at the data- in termi¬ 
nals (D10-D17) Is strobed Into the 8 bit register when CS1/CS1 is low (CS1/CS1 = 0) and 
CS2 and the clock are high (1), and are present at the data-out terminals (D00-D07). The 
negative high-to-low transition of the clock latches the data in the regis ter. The SR/SR 
output goes high (SR/SR = 1) when the device is deselected (CS1/CS1 = 1 or CS2 = 0) 
and returns low (SR/SR = 0) on the following trailing edge of the clock. 

A CLEAR control is provided for^resetting the port’s register (DO0-DO7 = 0) and service 
request flip-flop (Input mode: SR/SR = 1 and output mode: SR/SR = 0). 

The CDP1852/3 is functionally identical to the CDP1852C/3. The CDP1852/3 has a rec¬ 
ommended operating voltage range of 4 to 10.5 volts, and the CDP1852C/3 has a rec¬ 
ommended operating voltage range of 4 to 6.5 volts. 

The CDP1852/3 and CDP1852C/3 are supplied in 24-lead, dual-in-line side-brazed 
ceramic packages (D suffix) that conforms to the requirements and dimensions specified 
in MIL-38510 Case Outline D-3. 



Biock Diagram of CDP1852/3 
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CAUTION- These devices are sensitive to electrostatic discharge Users should follow proper I.C. Handling Procedures. 
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Specifications CDP1852/3, CDP1852C/3 



Absolute Maximum Ratings 

DC Supply Voltage Range, (Vqq): 

(All Voltages Referenced to Vss Terminal) 

CDP1852/3 ...-0.5Vto+11V 

CDP1852C/3.-0.5V to +7V 

Input Voltage Range, All Inputs.-0.5V to Vqd +0.5V 

DC Input Current, any One Input.±10mA 

Power Dissipation Per Package (Pq) 

Ta = -55°C to +100°C (Package Type D). 500mW 

Ta = +100°C to +125°C (Package Type D)_Derate Linearly at 

12mW/°C to 200mW 


Device Dissipation Per Output Transistor 
Ta = Full Package Temperature Range 

(All Package Types).10OmW 

Operating Temperature Range (Ta): 

Package Type D.-55°C to +125°C 

Storage Temperature Range (Tg^) .-65°C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 


Recommended Operating Conditions T^ = Full-Package Temperature Range. For maximum reliability, operating 
conditions should be selected so that operation is always within the following ranges. 
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Specifications CDP1852/3, CDP1852C/3 


Static Electrical Characteristics V|n == 0 or Vqq. Except as Noted 


CHARACTERISTIC 


Quiescent Device Current (Note 1) 


Output Low Drive (Sink) Current 


Output High Drive (Source) Current 


Output Voltage Low Level 


Output Voltage High Level 


Input Low Voltage 


Input High Voltage 


Input Leakage Low 


Input Leakage High 


3-State Output Leakage Low 


3-State Output Leakage High 



TEST CONDITIONS 


Vdd = 5V 


Vdd=10V 



Vdd=10V,Vo = 9.5V 


Vdd = 5V, loL = 0pA 


Vdd= 10V, loL = 0pA 


Vdo = 5V, loL = 0pA 


Vdd=10V, Iol = 0mA 


Vdd = 5V. Vo = 0.2, 4.8V 


Vdd = 10V,Vo = 0.2, 9.8 V 


Vdd = 5V, Vq = 0.2,4.8V 


Vdd = 10V, Vo = 0.2,9-8V 


Vdd = 5V, V,n = 0V 


Vdd=10V,V,n = 0V 


Vdd=10V,Vo = 0V 


Vdd = 5V,Vo = 5V 


Vdd = 10V. Vo = 10V 


Note 2 


input Capacitance 


I Output Capacitance _ | Cppy | Note 2 _ 

NOTES: 

1. The CDP1852C/3 meets all 5 volt Static Electrical Characteristics 
of the CDP 1852/3 except +125°C Quiescent Device Current for 
which the limit is Idd = 300pA. 



2. input and Output Capacitance are guaranteed but r 
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Specifications CDP1852/3, CDP1852C/3 


Dynamic Electrical Characteristics Mode = O input Port, See Figure 3, input tr. tf < ISns; Cl = 50pF 


CHARACTERISTIC 


Select Duration 


Clock Pulse Width 


Clear Pulse Width 


Data-In to Clock Fall Setup Time 


Data-In After Clock Fall Hold Time 


Propagation Delay Times: 
Clear to SR 



NOTE: 1. Time required by a device to allow for the Indicated function. 


CSI*CS2 - 




* CSHCS2 IS THE OVERLAP OF CSI • I AND CS2- I 


MODE = 0 TRUTH TABLE 


CLOCK I CSI-CS2 (Note 1) | CLEAR DATA OUT EQUALS 


High Impedance 


SERVICE REQUEST 
TRUTH TABLE 



NOTE: 1. CS1 - CS2 = CS1 = 1, CS2 = 1 

FIGURE 3. MODE = 0 INPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 
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Specifications CDP1852/3, CDP1852C/3 


Dynamic Electrical Characteristics Mode = 1 Output Port, See Figure 4, input tr, tf < 15ns; Cl = 50pF 


CHARACTERISTIC 


Clock Pulse Width 


Write Width Duration 


Clear Pulse Width 


Data-In to Clock Fall Setup Time 


Data Hold from Write Termination 


Select-After Clock-Fall Hold Time 


Propagation Delay Times: 
Clear to Data 


Write to Data Out 


Data In to Data Out 


NOTE: 1. Time required by a device to allow for the indicated function. 


* CSl- CS2 IS THE OVERLAP OF CSI *0 AND CS2 - I 
A WRITE IS THE OVERLAP 0FCSI-CS2 AND CLOCK 


MODE s 1 TRUTH TABLE 




NOTE: 1. CS1 - CS2 = CSl = 0, CS2 = 1 

FIGURE 4. MODE = 1 OUTPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 
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SEMICONDUCTOR 


CDP1853 

CDP1853C 


February 1992 

Features 

• Provides Direct Control of Up to 7 Input and 7 Output 
Devices 

• CHIP ENABLE (CE) Allows Easy Expansion for Multi¬ 
level I/O Systems 


Ordering Information 



TEMPERATURE 



PACKAGE 

RANGE 

5V 

10V 

Plastic DIP 

-40°C to +85°C 

CDP1853CE 

CDP1853E 

Burn-In 


CDP1853CEX 

- 


-40°C to +85°C 

CDP1853CD 

CDP1853D 

Burn-In 


CDP1853CDX 

- 

* 883B 

-55°C to +125°C 

CDP1853CD3 

CDP1853D3 


* Respective specifications are included at the end of this data 
sheet. 


N-Bit 1 of 8 Decoder 


Description 

The CDP1853 and CDP1853C are 1 of 8 decoders designed for 
use In general purpose microprocessor systems. These 
devices, which are functionally identical, are specifically 
designed for use as gated N-bit decoders and interface directly 
with the 1800-series microprocessors with out additional com¬ 
ponents. The CDP1853 has a recommended operating voltage 
range of 4 to 10.5 volts, and the CDP1853C has a recom¬ 
mended operating voltage range of 4 to 6.5 volts. 

When CHIP ENABLE (CE) is high, the selected output will be 
true (high) from the trailing edge of CLOCK A (high-to-low tran¬ 
sition) to the trailing edge of CLOCK B (high-to-low transition). 
All outputs will be low when the device is not selected (CE = 0) 
and during conditions of CLOCK A and CLOCK B as shown in 
Figure 2. The CDP1853 Inputs NO, N1, N2, CLOCK A, and 
CLOCK B are connected to an 1800-series microprocessor out¬ 
puts NO, N1, N2, TPA, and TPB respectively, when used to 
decode I/O commands as shown In Figure 5. The CHIP 
ENABLE (CE) input provides the capability for multiple levels of 
decoding as shown in Figure 6. 

The CDP1853 can also be used as a general 1 of 8 decoder for 
I/O and memory system applications as shown in Figure 4. 

The CDP1853 and CDP1853C are supplied in hermetic 16-lead 
dual-in-line ceramic (D suffix) and plastic (E suffix) packages. 



QPQQQQQP 

DDDDDDQD 

□QQgpQQQ 

DDBBDDDB 

BBBBBDBB 

BBBBBBBB 


1 = High level, 0 = Low level, X = Don’t care 
Qn-1 = Enable remains in previous state. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 4 30 


File Number 1189.1 






























Specifications CDP1853, CDP1853C 


MAXIMUM Rt<r\NGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, 

(All voltage values referenced to Vgg terminal 

CDP1853 .-0.5 to + 11 V 

CDP1853C . -0.5to + 7V 

INPUT VOLTAGE RANGE, ALL INPUTS. -0.5 to VpD + 0-5 V 

DC INPUT CURRENT, ANY ONE INPUT. ±10mA* 

OPERATING-TEMPERATURE RANGE (Ta): o 

CERAMIC PACKAGES (D SUFFIX TYPES).-55 to + 125^C 

PLASTIC PACKAGES (E SUFFIX TYPES) . -40 to + 85^C 

STORAGE TEMPERATURE RANGE (T ) .-65to + 150°C 

LEAD TEMPERATURE (DURING SOLDERING). 

At distance 1/16 ±1/32 inch (1.59±0.79 mm) from case for 10 s max.+265 C 


STATIC ELECTRICAL CHARACTERISTICS at T^ = -40 to +85°C. Except as noted 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

VO 

(V) 

VIN 

(V) 

VDD 

(V) 

CDP1853 

CDP1853C 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Quiescent Device 
Current, l|_^ 

- 

- 

5 

- 

1 

10 

- 

5 

50 

HA 

- 

- 

10 

- 

10 

100 

- 

- 

- 

Output Low Drive 
(Sink) Current, 

'OL 

0.4 

0,5 

5 

1.6 

3.2 


1.6 

3.2 


mA 

0.5 

0,10 

10 

2.6 

5.2 

- 

- 

- 

- 

Output High Drive 
(Source Current) 

‘oh 

4.6 

0,5 

5 

-1.15 

-2.3 

_ 

-1.15 

-2.3 


mA 

9.5 

0,10 

10 

-2.6 

-5.2 

- 

- 

- 

- 

Output Voltage 
Low-Level a 

Vql 

_ 

0,5 

5 

_ 

0 

0.1 


0 

0.1 

V 

- 

0,10 

10 

- 

0 

0.1 

- 

- 

- 

Output Voltage 

High Level 

Vqh 


0,5 

5 

4.9 

5 


4.9 

5 


- 

0,10 

10 

9.9 

10 

- 

- 

- 

- 

Input Low Voltage 

V|L 

0.5,4.5 

- 

5 

— 

- 

1.5 

- 

- 

1.5 

V 

1,9 

- 

10 

- 

- 

3 

- 

- 

- 

Input High Voltage 

V|H 

0.5,4.5 

- 

5 

3.5 

- 

- 

3.5 

- 

- 

1,9 

- 

10 

7 

- 

- 

- 

- 

- 

Input Leakage 

Current lj|^ 

Any 

Input 

0,5 

5 

- 

- 

±1 

- 

- 

±1 

ma 

0,10 

10 

- 

- 

±1 

- 

- 

- 

Operating Current 

'oor 

0,5 

0,5 

5 

- 

50 

100 

- 

50 

100 

ma 

0,10 

0,10 

10 

- 

150 

300 

- 

- 

- 

Input Capacitance 

'"IN 





5 

7.5 


i 5 

7.5 

pF 

Output Capacitance 
^OUT 

- 

- 

- 

- 

10 

15 
i_ 

- 

10 

15 

PF 


t Typical values are for T^= 25°Cand nominal voltage. 

Operating current measured in a CDP1802 system at 2MHz with outputs floating. 
* 'OL° 'oh" 
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Specifications CDP1853, CDP1853C 


OPERATING CONDITIONS at T^ = Full Package-Temperature Range. For maximum 
reliability, operating conditions should be selected so that operation is always within 
the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

CDP1853 

CDP1853C 


Max. 

Min. 

Max. 

Supply-Voltage Range 

D 

10.5 

4 

6.5 

V 

Recommended Input Voltage Range 

Vss 

Vdd 

Vss 

Vdd 

V 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = -40 to +85°C, Vpp=± 5%, 
V|H = 0-7 VdD' V,l = 0.3 Vpp, V tf = 20 ns. Cl = lOOpF 


CHARACTERISTIC 

< 

<o 

LIMITS 

UNITS 


CDP1853C 

uiy 


|[Q2I 

Max. 

Propagation Delay Time: 

CE to Output, 

5 


wsm 

IQUI 

275 

ns 

10 

90 

150 


- 

Nto Outputs, t,^JOH' ^NOL 

5 

225 



350 


10 

120 


- 

- 

Clock A to Output, t^Q 

5 

200 



300 

ns 

10 

100 



- 

Clock B to Output, t 0 Q 

5 


Mijnmi 

m§km 

275 


10 

90 


- 

- 

Minimum Pulse Widths: 

Clock A, 

5 


75 

50 

75 

ns 

10 


50 

- 

- 

Clock B, 

5 


75 


75 

10 

25 

50 

- 

- 


Note 1: Maximum limits of minimum characteristics are the values above which ail devices 
function. 

Note 2: Typical values are for T^ = 25°C and nominal voltages. 


CE 

OUTPUT 

N 

OUTPUT 



1 _ 



'ao 

\ 


> 




_> 

f 




o) CE TO OUTPUT (0-^) DELAY TIME 
‘NO " t* 1_ 'NO 


b) N LINES TO OUTPUT (0-7) DELAY TIME 


C) CLOCK A TO OUTPUT (0-7) DELAY TIME 
-*CBCB- 






d) CLOCK B TO OUTPUT (0-7) DELAY TIME 

92CM29023RI 

Fig. 2 — Propagation delay time diagrams. 



OUTPUT ENABLED WHEN EN • HIGH 

INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG I) 


Fig. 3 — Timing diagram. 


OUTO — 
OUT I — 
OUT 2 — 
OUT 3 — 
OUT 4 — 
-ICLOCKS OUTS — 
-] CLOCK A OUT 6 — 
OUT 7 — 


Fig. 4 — N-bit decoder used as a 1 of 8 
decoder. 
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CDP1853, CDP1853C 



7 OUTPUT PORTS 


7 INPUT PORTS 


92CM 29025RI 


Fig. 5 — N-bit decoder m a one-level I/O system 



NOTE SYSTEM SHOWN WILL SELECT 
UP TO 56 INPUT AND 48 OUTPUT 
PORTS WITH ADDITIONAL DECODING 



Fig. 6 - Two-level I/O using CDP1853 and CDP1852. 
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SEMICONDUCTOR 


CDP1853/3 

CDP1853C/3 


February 1992 


High-Reliability CMOS N-Bit 1 of 8 Decoder 


Features 

• Provides Direct Control of Up to 7 Input and 7 Out¬ 
put Devices When used with a CDP1800-Series 
Microprocessor 

• CHIP ENABLE (CE) Allows Easy Expansion for 
Multi-level I/O Systems 


Pinout 


16-LEAD DIP 

TOP VIEW 



Description 

The CDP1853/3 and CDP1853C/3 are high-reliability 1 of 8 
decoders designed for use in general purpose microprocessor 
systems. These devices, which are functionally identical, are 
specifically designed for use as gated N-bit decoders and 
interface directly with the 1800-series microprocessors without 
additional components. The CDP1853/3 has a recommended 
operating voltage range of 4 to 10.5 volts, and the CDP1853C/3 
has a recommended operating voltage range of 4 to 6.5 volts. 

When CHIP ENABLE (CE) is high, the selected output will be 
true (high) from the trailing edge of CLOCK A (high-to-low 
transition) to the trailing edge of CLOCK B (high-to-low 
transition). All outputs will be low when the device is not 
selected (CE = 0) and during conditions of CLOCK A and 
CLOCK B as shown In Figure 2 when used with the 1800-series 
microprocessor. The CDP1853/3 inputs NO, N1, N2, CLOCK A, 
and CLOCK B are connected to outputs NO, N1, N2, TPA, and 
TPB respectively, when used to decode I/O commands as 
shown in Figure 5. The CHIP ENABLE (CE) Input provides the 
capability for multiple levels of decoding as shown In Figure 6. 

The CDP1853/3 can also be used as a general purpose 1 of 8 
decoder for I/O and memory system applications as shown In 
Figure 4. 

The CDP1853/3 and CDP1853C/3 are supplied in hermetic 
16-lead dual-in-line ceramic packages (D suffix). 


CDP1853/3 Functionai Diagram 


TRUTH TABLE 



1 = High level, 0 = Low level, X = Don’t care 
Qn-1 = Enable remains in previous state. 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 a.'^A 
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Specifications CDP1853/3, CDP1853C/3 
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Specifications CDP1853/3, CDP1853C/3 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vqd): 

(All Voltages Referenced to Vss Terminal) 

CDP1853/3 .-0.5V to+1IV 

CDP1853C/3.-0.5V to +7V 

Input Voltage Range, All Inputs.-0.5V to Vqd +0.5V 

DC Input Current, Any One Input.±10mA 

Power Dissipation Per Package (Pp) 

Ta = -55°C to +100°C (Package Type D). 500mW 

Ta = +100°C to +125°C (Package Type D)_Derate Linearly at 

12mW/°C to 200mW 


Device Dissipation Per Output Transistor 
Ta = Full Package Temperature Range 

(All Package Types).lOOmW 

Operating Temperature Range (Ta): 

Package Type D.-55°C to +125°C 

Storage Temperature Range (Tgjg).-65°C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 


Timing Diagrams 


NO- N2 


OUTPUT 0-7. 


" 1 — 'k- 


' NO 

to) N- INPUTS TO OUTPUTS DELAY TIME 


Ml N. CLOCK ^ 
PULSE WIDTH 


Tcbcb 


CLOCK B 




"V- 

I 


OUTPUT 0-7 • 




Tbo 


“n -- , 

(c) CLOCK B TO OUTPUT DELAY TIME 






OUTPUT 0-7- 




1“^ 

• I I I 

“►i ■'’eOH r*- H ^EOL 


(b) CE TO OUTPUT DELAY TIME 


MIN.CLOCKA 

PULSE WIDTHP ‘CACA 


CLOCK A 
OUTPUT0-7 • 


> 
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'^TO MEASURE Tao CLOCK B 
MUST BE TIED LOW 


'AO 




(d)CLOCK A TO OUTPUT DELAY TIME 
FIGURE 2. PROPAGATION DELAY TIME DIAGRAMS 



# Output Enabled When EN =: High internal Signal 
Shown for Reference Only (See Figure 1) 

FIGURE 3. TIMING DIAGRAM 



FIGURE 4. N-BIT DECODER USED AS A 1 OF 8 DECODER 
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CDP1853/3. CDP1853C/3 




C0PI802 CPU 

TPA TPB NO Nl N2 TPB SSrD 


C0PI800 SERIES 

N0.NI.N2 TPA TPB MRD BUS 


MOTE SYSTEM SHOWN WILL SELECT 
UP TO 56 INPUT AND 48 OUTPUT 
PORTS WITH ADDITIONAL DECODING 
THE TOTAL NUMBER OF INPUT 
AND OUTPUT PORTS CAN BE 
FURTHER EXPANDED 


CLOCK A CLOCK 8 CE NO Nl N2 
CDPiaSS 
0 12-6 7 


TPA 

C0PI853 
DECODED I■ 
*61' INSTRUCTION 


J CL CSI 
CS2 CDPI852 


C5i CS2 

_C0PI852 

LOAD VIA X.Ta output 

67 INSTRUCTION , 


—*-READ VIA 

CSI CS2 6F INSTRUCTION 

CDPI852 _ 

'NPUT /data 
PORT 7 \,_ 


I MODE TPS H < |m^ 

^Vdd ^ 

5 C0PI852 INPUT AND OUTPUT PORTS 


|MCT)E TPBr - 
^VPD 

7 OUTPUT PORTS 


- CLOCK , 
7 INPUT PORTS 


FIGURE 4. N-BIT DECODER IN A ONE-LEVEL I/O SYSTEM 


Bias/Static Burn-in Circuit 




FIGURE 5. TWO-LEVEL I/O USING CDP1853 AND CDP1852 


TYPE 

Vdd 

TEMPERATURE 

TIME 

CDP1853 

11V 

+125°C 

160 Hrs. 

CDP1853C 

7V 

+125°C 

160 Hrs. 


All Resistors are 47kn ±20% 
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SEMICONDUCTOR 


CDP1855 

CDP1855C 


February 1992 


8-Bit Programmable Multiply/Divide Unit 


Features 

• Cascadable Up to 4 Units for 32-Bit by 32-Bit Multiply 
or 64^32 Bit Divide 

• 8-Bit by 8-Bit Muitipiy or 16-^8 Bit Divide in 5.6^s at 5V 
or 2.8^s at 10V 

• Direct Interface to CDP1800-Series Microprocessors 

• Easy Interface to Other 8-Bit Microprocessors 

• Significantly Increases Throughput of Microprocessor 
Used for Arithmetic Caicuiations 


Ordering Information 


Plastic DIP -40°Cto+85°C CDP1855CE CDP1855E 


CDP1855CEX 


-40°Cto+85°C CDP1855CD 



CDP1855CDX 



Description 

The CDP1855 and CDP1855C are CMOS 8-bit multiply/ 
divide units which can be used to greatly increase the capa¬ 
bilities of 8-bit microprocessors. They perform multiply and 
divide operations on unsigned, binary operators. In general, 
microprocessors do not contain multiply or divide instruc¬ 
tions and even efficiently coded multiply or divide subrou¬ 
tines require considerable memory and execution time. 
These multiply/divide units directly interface to the 
CDP1800-series microprocessors via the N-lines and can 
easily be configured to fit in either the memory or I/O space 
of other 8-bit microprocessors. 

The multiple/divide unit is based on a method of multiplying 
by add and shift right operations and dividing by subtract and 
shift left operations. The device is structured to permit cas¬ 
cading identical units to handle operands up to 32 bits. 

The CDP1855 and CDP1855C are functionally identical. 
They differ in that the CDP1855 has a recommended operat¬ 
ing voltage range of 4V to 10.5V, and the CDP1855C, a rec¬ 
ommended operating voltage range of 4V to 6.5V. 

The CDP1855 and CDP1855C types are supplied in a 28- 
lead hermetic dual-in-line ceramic package (D suffix) and in 
a 28 lead dual-in-line plastic package (E suffix). The 
CDP1855C is also available in chip form (H suffix). 



Circuit Configuration 




CLEAR 


CLK 

CE 

RAO 

C1 

RA1 

CNO 

RA2 

CN1 

STB 


RD/WE 


CDP1855 


YL 


ZR 


CTL 


CO 


YR 


ZL 


BUS 



FIGURE 1. MDU ADDRESSED AS I/O DEVICE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications CDP1855, CDP1855C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE. (Vdd) 

(Voltage referenced to Vss Terminal) 

CDP1855. 

CDP1855C. 

INPUT VOLTAGE RANGE. ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT. 

POWER DISSIPATION PER PACKAGE (Pd): 

For Ta = -40 to +60® C (PACKAGE TYPE E). 

For Ta = +60 to +85® C (PACKAGE TYPE E). 

For Ta = -55 to 100® C (PACKAGE TYPE D). 

For Ta = +100 to +125®C (PACKAGE TYPE D). 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D. 

PACKAGE TYPE E. 

STORAGE TEMPERATURE RANGE (Tgtg). 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max_ 


.-0.5 to+11 V 

.-0.5 to +7 V 

.-0.5 to Vdd *0.5 V 

.±10 mA 

.500 mW 

Derate Lineary at 12 mW/®C to 200 mW 

. 500 mW 

Derate Lineary at 12 mW/®C to 200 mW 

.100 mW 

.. -55to+125®C 

.-40 to +85® C 

.-65 to+150® C 

. +265®C 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85® C, Vdd ± 10%, Except as noted 




CONDITIONS 

LIMITS 

— 

CHARACTERISTIC 


Vo 

V|N 


CDP1855 

CDP1855C 1 

UNITS 



(V) 

(V) 

MB 

Min. 

Typ.» 

Max. 

Min. 

Typ.» 

12333 


Quiescent Device 


— 

0,5 

5 

— 

0.01 

50 

— 

0.02 

200 

//A 

Current 

idd 

— 

0, 10 

10 

— 

1 

200 

— 

— 

— 

Output Low Drive 


■SB 


5 

1.6 

3.2 

■g||i 

1.6 

3.2 

___ 


(Sink) Current 

■RH 


ISEI 

10 

2.6 

5.2 


— 

— 


mA 

Output High Drive 


4.6 

0, 5 

5 

-1.15 

-2.3 

— 

\-1.15 

1 -2.3 

■||9 

(Source) Current 

iOH 

9.5 

0, 10 

10 

-2.6 

-5.2 

— 

— 

— 



Output Voltage 


— 

0, 5 

5 

— 

0 

■SI 

— 

0 

0.1 


Low-Level 

VOLi 

— 

0, 10 

10 

— 

0 

■9 

— 

— 

— 


Output Voltage 


— 

0,5 

5 

■■1 

5 

— 


5 

IBB 


High Level 

VOH± 

— 

0, 10 

10 


10 

— 

B9 

— 

B9II 

\f 

Input Low 


0.5, 4.5 

— 

5 

— 

— 

■a 

— 

— 

mam 


Voltage 

V|L 

0.5, 9.5 

— 

10 

— 

— 

flSl 

— 


B9 


Input High 


0.5, 4.5 

— 

5 

3.5 

— 

— 

3.5 

— 

— 


Voltage 

V|H 

0.5, 9.5 

— 

10 

7 

— 

— 

— 

— 

— 


Input Leakage 


— 

HQI 

5 

— 

— 

±1 

— 


±1 


Current 

l|N 

— 

■Mil 

10 

— 

— 

±1 

— 


— 

//A 

3-State Output Leakage 


0.5 

0,5 

5 

■1 

— 

±1 

— 


±1 

Current 

'OUT 

0, 10 

0, 10 

10 

H 

— 

±10 

— 


— 


Operating Current 

IDDI# 

_ 

0, 5 

0, 10 

5 

10 

_ 

■I 

12 

_ 

m 

M 

mA 

Input Capacitance 

C|N 

— 

— 


— 

5 

7.5 


5 

■Si 

PF 

Output Capacitance 

COUT 

— 

— 

-- 

— 

10 

15 

— 

10 

mm 



•Typical values are for Ta = 25® C and nominal VdD- 
#Operating current is measured at 3.2 MHz with open outputs. 

Pol = iqh = 1 a'A. 


4-39 


CMOS 

PERIPHERALS 






















































































CDP1855, CDP1855C 


OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions shouid 
be seiected so that operation is always within the foliowing ranges: 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

Vdd 

(V) 

CDP1855 

CDP1855C 

Min. 

Max. 

Min. 

Max. 

DC Operating Voltage Range 


4 

10.5 

4 

6.5 

\j 

Input Voltage Range 

— 

Vss 

Vdd 

Vss 

Vdd 


Maximum Input Clock 

5 

3.2 

_ 

3.2 

— 

MHz 

Frequency 

10 

6.4 

_ 


— 

Minimum 8x8 Multiply 

5 

— 

5.6 

— 

5.6 

/iS 

(16 ^ 8 Divide) Time 

10 

— 

2.8 

— 

— 
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FUNCTIONAL DESCRIPTION 


The CDP1855 is a multiply-divide unit (MDU) designed to 
be compatible with CDP1800 series microprocessor 
systems. It can, in fact, be interfaced to most 8-bit 
microprocessors (see Fig. 5) The CDP1855 performs binary 
multiply or divide operations as directed by the micro¬ 
processor It can do a 16N-bit by 8N-bit divide yielding an- 
8N-bit result plus and 8N-bit remainder The multiply is an 
8N-bit by 8N-bit operation with a 16N-bit result The “N” 
represent the number of cascaded CDP1855’s and can be 1, 
2, 3 or 4 All operations require 8N + 1 shift pulses (See 
“DELAY NEEDED WITH AND WITHOUT PRESCALER” Pg 

n 


When multiple MDU’s are cascaded, the loading of each 
register is done sequentially. For example, the first selection 
of register X for loading loads the most significant CDP1855, 
the second loads the next significant, and so on. Registers 
are also read out sequentially This is accomplished by 
internal counters on each MDU which are decremented by 
STB during each register selection. When the counter 
matches the chip number (CN1, CNO lines), the device is 
selected. These counters must be cleared with a clear on 
pm 2 or with bit 6 in the control word (See “CONTROL 
REGISTER BIT ASSIGNMENT TABLE”) in order to start 
each sequence of accesses with the most significant device. 


The CDP1855 contains three registers, X, Y, and Z, which 
are loaded with the operands prior to an operation and 
contain the results at the completion In addition, the 
control register must be loaded to initiate a multiply or 
divide There is also a status register which contains an 
overflow flag as shown in the “CONTROL REGISTER BIT 
ASSIGNMENT TABLE” The register address lines (RAO- 
RA1) are used to select the appropriate register for loading 
or reading The RD/WE ^ind STB lines are used in 
conjunction with the RA lines to determine the exact MDU 
response (See "CONTROL TRUTH TABLE”) 


The CDP1855 has a built in clock prescaler which can be 
selected via bit 7 in the control register. The prescaler may 
be necessary in cascaded systems operating at high 
frequencies or in systems where a suitable clock frequency 
IS not readily available. Without the prescaler select, the 
shift frequency is equal to the clock input frequency With- 
the prescaler selected, the rate depends on the number of 
MDU’s as defined by bits 4 and 5 of the control word (See 
“CONTROL REGISTER BIT ASSIGNMENT TABLE”) 

1 For one MDU, the clock frequency is divided by 2 

2 For two MDU’s the clock frequency is divided by 4. 

3 For 3 or 4 MDU’s, the clock frequency Is divided by 8 


OPERATION 


1. Initialization and Controls 

The CDP1855 must be cleared by a low on pm 2 during 
power-on which prevents bus contention problems at the 
Yl, Yr and Zi_, Zr terminals and also resets the sequence 
counters and the shift pulse generator 

Prior to loading any other registers the control register must 
be loaded to specify the number of MDU’s being used (See 
"CONTROL REGISTER BIT ASSIGNMENT TABLE”) 

Once the number of devices has been specified and the 
sequence counters cleared with a clear pulse or bit 6 of the 
control word, the X, Y, and Z registers can be loaded as 
defined m the “CONTROL TRUTH TABLE” All bytes of the 
X register can be loaded, then all bytes of the Y, and then all 
bytes of the Z, or they can be loaded randomly Succcessive 
loads to a given register will always proceed sequentially 
from the most significant byte to the least significant byte, 
as previously described Resetting the sequence counters 
select the most significant MDU In a four MDU system, 
loading all MDU’s results m the sequence counter pointing 
to the first MDU again In all other configurations (1,2, or3 
MDU’s), the sequence counter must be reset prior to each 
series of register reads or writes 

2. Divide Operation 

For the divide operation, the divisor is loaded m the X 
register The dividend is loaded m the Y and Z registers with 
the more significant half m the Y register and the less 
significant half m the Z register These registers may be 
loaded m any order, and after loading is completed, a 
control word is loaded to specify a divide operation and the 
number of MDU’s and also to reset the sequence counters 
and Y or Z register and select the clock option if desired 
Clearing the sequence'counters with bit 6 will set the MDU’s 
up for reading the results 

The X register will be unaltered by the operation The 
quotient will be m the Z register while the remainder will be 
m the Y register An overflow will be indicated by the 
C.O./O.F. of the most significant MDU and can also be 
determined by reading the status byte 

While the CDP1855 is specified to perform 16 by 8-bit 
divides, if the quotient of a divide operation exceeds the size 
of the Z register(s) (8N-bits - where N is the number of 


cascaded CDP1855’s) the overflow bit m the Status Register 
will be set Neither the quotient m Z nor the remainder m Y 
will represent a valid answer This will always be the result 
of a division performed when the divisor (X) is equal to or 
less than the most significant 8N-bits of the dividend (Y) 

The MDU can still be used for such computations if the 
divide IS done m two steps The dividend is split into two 
parts—the more significant 8N-bits and the less significant 
8N-bits—and a divide done on each part Each step yields 
an 8N-bit result for a total quotient of 16N-bits 

The first step consists of dividing the more significant 8N- 
bits by the divisor This is done by clearing the Y register(s), 
loading the Z register(s) with the more significant 8N-bits of 
the dividend, and loading the X register(s) with the divisor. 
A division IS performed and the resultant value in Z 
represents the more significant 8N-bitsof the final quotient 
The Z register(s) value must be unloaded and saved by the 
processor 

A second division is performed using the remainder from 
the first division (in Y) as the more significant 8N-bits of the 
dividend and the lesssignificant half of the original dividend 
loaded into the Z register The divisor in X remains unaltered 
and IS, by definition, larger than the remainder from the first 
division which is in Y The resulting value in Z becomes the 
less significant 8N-bits of the final quotient and the value in 
Y IS, as usual, the remainder. 

Extending this technique to more steps allows division of 
any size number by an 8N-bit divisor. 

Note that division by zero is never permitted and must be 
tested for and handled in software 

The following example illustrates the use of this algorithm 

Example: 

Assume three MDU’s capable of a by 24-bit division. The 
problem is to divide 00F273,491 COSH by 0003B4H 


Step 1 

000000 , 
Y 

00F273 

Z(MS) 

/ 0003B4 = 
X 

000041 

Z1 

R=0001BF 

Yl 

Step 2. 

0001BF , 
Yl 

491C06 
Z(LS) 

/ 0003B4 = 

X 

78C936 

Z2 

R=00000E 

Y2 

Result- 

000041 , 

Z1 

78C936 

Z2 

R=OOOOOE 

Y2 
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OPERATION (Cont’d) 


The Z register can simply be reset using bit 2 of the control 
word and another divide can be done in order to further 
divide the remainder. 

3. Multiply Operation 

For a multiply operation the two numbers to be multiplied 
are loaded In the X and Z registers. The result is in the Y and 


Z register with Y being the more significant half and Z the 
less significant half The X register will be unchanged after 
the operation is completed 

The original contents of the Y register are added to the 
product of X and Z Bit 3 of .the control word will reset 
register Y to 0 if desired 


FUNCTIONAL DESCRIPTION OF CDP1855 TERMINALS 


CE - CHIP ENABLE (Input): 

A high on this pin enables the CDP1855 MDU to respondto 
the select lines. All cascaded MDU’ s must b e enabled 
together. CE also controls the tristate C.O./O.F., output of 
the most significant MDU. 

CLEAR (Input): 

The CDP1855 MDU(s) must be cleared upon power-on with 
a low-on this pin. The clear signal resets the sequence 
counters, the shift pulse generator, and bits 0 and 1 of the 
control register. 

CTL — CONTROL (Input): 

This Is an input pin. All CTL pins must be wired together and 
to the Yl of the most significant CDP1855 MDU and to the 
Zr of the least significant CDP1855 MDU. This signal is 
used to indicate whether the registers are to be operated on 
or only shifted. 

C.O./O.F. — CARRY OUT/OVER FLOW (Output): 

This is a trIstate output p in, i t is the CD P1855 Carry Out 
signal and is connected to Cl (CARRY-IN) of the next more 
significant CDP1855 MDU, except for on the most significant 
MDU. On that MDU it is an overflow indicator and is enabled 
when chip enables is true. A low on this pin indicates that an 
overflow has occured. The overflow signal is latched each 
time the control register is loaded, but is only meaningful 
after a divide command. 

Yl. Yr — Y-LEFT, Y-RIGHT: 

These are tristate bi-directional pins for data transfer 
between the Y registers of cascaded CDP1855 MDU’s. The 
Yr pin is an output and Y|_ is an input during a multiply and 
the reverse is true at ail other times. The Yl pin must be 
connected to the Yr pin of the next more significant MDU. 
An exception is that the Yl pin of the most significant 
CDP1855 MDU must be connected to the Zr pin of the least 
significant MDU and to the CTL pins of all MDU’s. Also the 
Yr pin of the least significant MDU is tiexd to the Zl pin of 
the most significant MDU. 

Zl, Zr — Z-LEFT, Z-RIGHT: 

These are tristate bi-directional pins for data transfers 
between the “Z” registers of cascaded MDU’s. The Zr pin Is 
an output and Zl is an input during a multiply and the 
reverse is true at all other times. The Zl pin must be tied to 
the Yr pin of the next more significant MDU. An exception 
is that the Zl pin of the most significant MDU must be 
connected to the Yr pin of the least significant MDU. Also, 
the Zr pin of the least significant MDU is tied to the Yl of the 
most significant MDU. 

SHIFT — SHIFT CLOCK: 

This is a tristate bi-directional pin. It is an output on the 
most significant MDU. And an input on all oth er MDU ’s. It 
provides the MDU system timing pulses. All SHIFT pins 
must be connected together for cascaded operation. A 
maximum of the 8N +1 shifts are required for an operation 
where “N” equals the number of MDU devices that are 
cascaded. 


CLK - CLOCK (Input): 

This pm should be grounded on all but the most significant 
MDU. There is an optional reduction of clock frequency 
available on this pm if so desired, controlled by bit 7 of the 
control byte 

STB — STROBE (Input): 

When RD/WE is low data is latched from bus lines on the 
falling edge of this signal It may be asynchronous to the 
clock. Strobe also increments the selected register’s 
sequence counter during reads and writes TPB would be 
used m CDP1800 systems 

RD/WE — READ/WRITE ENABLE (Input): 

This signal defines whether the selected re giste r is to be 
read from or written to. In 1800 syste ms use MRD if MDU’s 
are addressed as I/O devices, MWR is used if MDU’s are 
addressed as memory devices 

RA2, RA1, RAO — REGISTER ADDRESS (Input): 

These input signals define which register is to be read from 
or written to It can be seen in the “CONTROL TRUTH 
TABLE’’ that RA2 can be used as a chip enable It is 
identifical to the CE pin, except only CE controls the tristate 
C O /O.F. on the most significant MDU. In 1800 systems use 
N lines if MDU’s are used as I/O devices, use address lines 
or function of address lines if MDU’s are used as memory 
devices. 

BUS 0 — BUS 7 - BUS LINES: 

Tristate bi-directional bus for direct interface with CDP1800 
series and other 8-bit microprocessors. 

Zr - Z-RIGHT: 

See Pin 6. 

Yr — Y-RIGHT: 

See Pin 5. 

CARRY IN (Input): 

This is an input for the carry from the next less significant 
MDU. On the least significant MDU it mi^be high (Vdd) 
on ail others it must be connected to the CO pm of the next 
less significant MDU. 

CN1, CNO — CHIP NUMBER (Input): 

These two input pins are wired high or low to indicate the 
MDU position in the cascaded chain. Both are high for the 
most significant MDU regardless of how many CDP1855 
MDU’s are used Then CN1 = high and CNO = low for the 
next MDU and so forth. 

Vss — GROUND: 

Power supply line. 

Vdd ~ v+ 

Power supply line. 
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CE 

RA2 

(N2) 

INPUTS 

RA1 

(N1) 

1 * 

RAO 

(NO) 

RD/WE 

(MRD) 

STB 

(TPB) 

0 

X 

X 

X 

X 

X 

X 

0 

X 

X 

X 

X 

1 

1 

0 

0 

1 

X 

1 

1 

0 

1 

1 

X 

1 

1 

1 

0 

1 

X 

1 

1 

1 

1 

1 

X 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

X 

X 

0 

0 



NO ACTION (BUS FLOATS) 

NO ACTION (BUS FLOATS) 

X TO bus) INCREMENT SEQUENCE 
Z TO BUS > COUNTER WHEN 
Y TO BUS \ STB AND RD = 1 
STATUS TO BUS . 

LOAD X FROM BUS / INCREMENT 
LOAD Z FROM BUS } SEQUENCE 
LOAD Y FROM BUS J COUNTER 
LOAD CONTROL REGISTER 
NO ACTION (BUS FLOATS) 


( ) - 1800 system signals. 1 = High Level, 0 = Low Level, X = High or Low Level. 


CONTROL REGISTER BIT ASSIGNMENT TABLE 


BUS 7 BUS 6 BUSS BUS 4 BUSS BUS 2 BUS 1 




1 ? 

B1 

BO 

OPERATION SELECT 

REGISTER 

0 

0 

NO OPERATION 

RESET 

0 

1 

MULTIPLY 

^— 

1 

0 

DIVIDE 


1 

1 

ILLEGAL STATE 

B2= 1, RESET Z REGISTER 

B3 = 1, RESET Y REGISTER 


SHIFT RATE 


CLOCK ^ 2 


CLOCK ^ 4 


CLOCK ^ 8 


CLOCK ^ 8 



STATUS REGISTER 


Status Bvte 


7 6 5 4 3 2 1 0 


0 0 0 0 0 0 0 O.F. 


O.F. = 1 if overflow (only valid 
after a divide has been done) 


NOTE. Bits 1—7 are read as 0 always 
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DELAY NEEDED WITH AND WITHOUT PRESCALER 

8N+1 Shifts/Operation at 1 Clock Cycle/Shift 
N = Number of MDU’s S = Shift Rate 


Number 

of 

MDU’s 

No Prescaler 

With Prescaler 1 

Shifts = 3^+^ 

Needed 

Machine 

Cycles 

Needed* 

Shifts s (8N+1) 
Needed 


Shift 

Rate 

1 

9 

tBSMSESM 

18 

3 n NOP) 

2 __ 

2 

17 

2 (1 NOP) 

68 

9 (3 NOPs) 

4 

3 

25 

3 (1 NOP) 

200 

25 f9 NOPs) 

8 

4 

33 

4 (2 NOPs) 

264 

33 (11 NOPs) 

8 


*NOP instruction is shown for machine cycles needed (3/NOP). Other instructions may be used. 


CDP1855 INTERFACING SCHEMES 


CLEAR_ 

XTAL 

MAO 

MAI 


1802 

TPA 

MWR 

Mi^ 

0..0 EF 


HIGH 

ADDRESS 

LATCH 




CLEAR 
CLOCK 

RAO Cl h? 

CNO 

RA2 CNI 


RE/WE ZR 
CE CTL 
STB YR 


+Vdd 


92CS-33I73RI 



Fig. 3 - Required connection for memory 
mapped addressing of the MDU. 


Fig. 4 - interfacing the CDP1855 to an 8085 
microprocessor as an I/O device. 
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PROGRAMMING EXAMPLE FOR MULTIPLICATION 


For a 24-bit x 24-bit multiply using the system shown in Figure 5, the following is an assembly listing of a program to multiply 
201F7Ci6by 723C0916: 


MEMORY 

OP 

LINE 

ASSEMBLY 


LOCATION 

CODE 

NO. 

LANGUAGE 


uuut) 

F83.0; 

()oo 1 

LD[ Ol-OH 


00(J2 

A2; 

00C»2 

PLO R2 

..LOAD 30 INTO R2.0 

0003 

F800? 

0003 

LDI oOH 


0005 

B2; 

OO04 

PHI R2 

..LOAD 00 INTO R2.1 (R2=0030) 

0006 

6758; 

0< >05 

our 7; DC 058H 

..LOAD CONTROL REGISTERS 

0008 

; 

0006 


..SPECIFYING THREE MDU’S, 

0008 

; 

OOO 7 


..RESET THE Y REGISTER AND 

0008 

; 

O<I»08 


..SEQUENCE COUNTER 

O008 

6420; 

0009 

OUT 4; DC 020H 

..LOAD MSB OF X REGISTER 

OOOA 

; 

OO10 


..WITH 20 

OouA 

641F; 

0011 

OUT 4; DC olFH 

..LOAD NEXT MSB OF X REG 

(JOOC 

; 

(>01 


..WITH IF 

OnOC 

647C; 

oO 13 

OUT 4; DC 07CH 

..LOAD LSB OF X REGISTER 

OOOE 

q 

0014 


..WITH 7C 

OOOE 

6572; 

0015 

OUT 5; DC 072H 

..LOAD MSB OF Z REGISTER 

0010 

; 

OO16 


..WITH 72 

OO10 

653C; 

OOl 7 

our 5; DC 03CH 

..LOAD NEXT MSB OF Z REG 

001 2 

; 

0018 


..WITH 3C 

(.)012 

6509; 

o(»1 c? 

OUT 5; DC 09H 

..LOAD LSH OF Z REGISTER 

OO 14 

■ 

<)(»20 


..WITH 09 

OO 14 

6759; 

0021 

our 7; DC, 059H 

..LOAD CONTROL REGISTERS 

0() 1 6 

; 

0022 


..RESETTING Y REGISTERS 

0<) 16 

; 

(>02 Z- 


. » AND SEOUENCE COUNTERS 

0016 

; 

0024 


..AND STARTING MULTIPLY 

(.)016 


0025 

DELAY FOR MULTIPLY TO FINISH 

..OPERATION 

0016 

E2; 

0026 

SEX R2 


0() 17 

6E6o; 

0( ) 2 7 

INP 6; IRX 

..MSB OF RESULTS IS STORED 

OO 1 9 

; 

0028 


..AT LOCATION 0030 

()019 

6E60; 

Ot )29 

[NP 6; IRX 


(.)(.) 1 B 

6E60; 

0030 

INP 6; IRX 


0( > 1D 

6D60; 

0o31 

INP 5; IRX 


00 IF 

6D60; 

0o32 

INP 5; IRX 


0021 

6D; 

00 33 

INP 5 

..COMPLETE LOADING RESULT 

0022 

; 

0034 


..INTO MEMORY LOCATIONS 

0022 

; 

00 35 


..()0 30 TO 0035 

0022 

; 

0036 


. . RESULTS-=0E55SDBA2B5C 

0022 

3022; 

0037 STOP 

BR STOP 


0024 

OJ )0O 


0038 

END 



The result of 201F7Ci6 x 723C09i6 is 0E558DBA2B5C = 

1576061279727610- It will be stored in memory as follows: BEFORE MULTIPLY 


LOC 

BYTE 

0030 

OE 

31 

55 

32 

8D 

33 

BA 

34 

2B 

35 

5C 



MDU1 

MDU2 

MDU3 

Register X 

20 

IF 

7C 

Register Y 

00 

00 

00 

Register Z 

72 

3C 

09 


AFTER MULTIPLY 


Register X 
Register Y 
Register Z 


MDU1 MDU2 MDU3 


20 

IF 

7C 

OE 

55 

8D 

BA 

2B 

5C 
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PROGRAMMING EXAMPLE FOR DIVISION 


MEMORY 

OP 

LINE 

ASSEMBLY 


LOCATION 

CODE 

NO. 

LANGUAGE 


0000 


0001 

Program example for a 16 bit by 8 bit divide using 1 CDP1855 MDU 

0000 


0002 

. Gives a 16 bit answer with 8 bit remainder 

0000 


0003 



0000 

68C22000: 

0004 

RLDI R2.2000H 

. Answer is stored at 2000 hex 

0004 


0005 


Register 2 points to it 

0004 

68C33000: 

0006 

RLDI R3,3000H 

Dividend is stored at 3000 hex 

0008 


0007 


. Register 3 points to it 

0008 

68C44000: 

0008 

RLDI R4.4000H 

Divisor is stored at 4000 hex 

OOOC 


0009 


. Register 4 points to it 

oooc 


0010 



OOOC 

E067F0: 

0011 

SEX RO: OUT 7; DC OFOH 

Write to the control register to use 

OOOF 


0012 


clock / 2; 1 MDU; reset sequence 

OOOF 


0013 


. counter; and no operation 

OOOF 


0014 



OOOF 

E464: 

0015 

SEX R4; OUT 4 

Load the divisor into the X register 

0011 


0016 



0011 

E06600: 

0017 

SEX RO. OUT 6; DC 0 

. Load 0 into the Y register 

0014 

E365, 

0018 

SEX R3: OUT 5 

Load the most significant 8 bits of 

0016 


0019 


the dividend into the Z register 

0016 


0020 



0016 

E067F2: 

0021 

SEX RO, OUT 7: DC 0F2H 

Do the first divide, also resets the 

0019 

, 

0022 


sequence counter 

0019 

, 

0023 



0019 

E26D60: 

0024 

SEX R2; INP5; IRX 

. Read and store the most significant 

001C 


0025 


. . 8 bits of the answer at 2000 hex 

001C 

, 

0026 



001C 

E067F0, 

0027 

SEX RO: OUT 7, DC OFOH 

. Reset the sequence counter 

001F 


0028 



001F 

E365: 

0029 

SEX R3. OUT 5 

Load the 8 least significant 8 bits 

0021 


0030 


. . of the original dividend into the Z 

0021 


0031 


. register 

0021 


0032 



0021 

E067F2, 

0033 

SEX RO; OUT 7; DC 0F2H 

. . Do the second division 

0024 

, 

0034 



0024 

E26D60, 

0035 

SEXR2; INP5; IRX 

. . Read and store the least significant 

0027 


0036 


. 8 bits of the answer at 2001 hex 

0027 

6E: 

0037 

INP6 

Read and store the remainder at 2002 

0028 

; 

0038 


hex 

0000 
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For the divide operation (Fig. 5), the formula is: 


Y3Y2Y1Z3Z2Z1 Y3Y2Y1 

-_ Z3Z2Z1 +- 

X3X2X1 X3X2X1 



Fig. 5 - Cascading three MOil’s (CDP1855) in an 1800 system with MOil’s being accessed as 
I/O ports in programming example. 



MOST SIGNIFICANT 


LEAST SIGNIFICANT 


Fig. 6 - Cascading four MOil’s (COPI 855). 
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Specifications CDP1855, CDP18S5C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vdd ±5*^ tr, U ° 20 na, V|h = 0.7 VoD. V|L = 0.3 Vdd. 
Cl = 100 pF (Sea Fig. 7) 



Operation Timing 


Maximum Clock Frequency+ 


Maximum Shift Frequency 
(1 Devlce)A 


_ LIMITS _ 

Vdd CPP1855 CDP185SC UNITS 

(V) Min. I Typ.* I Max. Min. I Typ.* I Max. 




Minimum Clock Period 

tCLK 

Clock to Shift Prop. Delay 

tCSH 

Minimum C.l. to Shift Setup 

tsu 

C.O. from Shift Prop. Delay 

tPLH 

tPHL 

Minimum C.l. from Shift Hold 

tH 

Minimum Register Input Setup 

tsu 

Register after Shift Delay 

tPLH 

tPHL 

Minimum Register after Shift Hold 

tH 

C.O. from C.l. Prop. Delay 

tPLH 

tPHL 

Register from C.l. Prop. Delay 

tPLH 

tPHL 


•Maximum limits of minimum characteristics are the values above which all devices function. 

‘Typical values are for Ta = 25° C and nominal voltages. 

+Clock frequency and pulse width are given for systems using the Internal clock option of the CDP1856. Clock frequency 
equals shift frequency for systems not using the Internal clock option. 

AShIft period for cascading of devices Is Increased by an amount equal to the CT. to C.O. Prop. Delay for each device added. 

























































































Specifications CDP1855, CDP1855C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vqd ±5^ tr, If = 20 na, V|h-° 0.7 Vdd. V|L = 0.3 Vdd> 
Cl = 100 pF (Soa Fig. 8) 




LIMITS 


CHARACTERISTIC* 

Vdd 

CDP1855 

CDP1855C 

UNITS 


(V) 

Min. 

mu 

Max. 

Min. 

mi 

Max. 



Write Cycle 


Minimum Clear Pulse Width 

tCLR 

5 


50 

75 

■1 

50 

75 


10 

— 

25 

40 

— 

— 

— 


Minimum Write Pulse Width 

tww 

5 


150 

225 

— 

150 



10 


75 

115 


— 



Minimum Data-In Setup 

tDSU 

5 

— 

-75 

0 

— 

-75 

■a 


10 

— 

-40 

0 

— 

— 


ns 

Minimum Data-ln-Hold 

tPH 

5 

— 

50 

75 

— 

50 


wsm 

— 

25 

40 

— 

— 

mm 


Minimum Address to Write Setup 

*ASU 

5 

— 

50 

75 

— 

50 

75 



— 

25 

40 

— 

— 

— 


Minimum Address after Write Hold 

tAH 

5 

— 

50 

75 

— 

50 

75 


10 

— 

25 

40 

— 

— 

— 



•Maximum limits of minimum characteristics are the values above which all devices function. 
‘Typical values are for = 25° C and nominal voltages. 
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Fig. 8 - Write timing diagram. 
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Specifications CDP1855, CDP1855C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, VdD ±5% tr, tf = 20 ns, V|H = 0.7 Vdd> V|l = 0.3 Vdd> 
Cl = 100 pF (See Fig. 9) 




LIM 

IITS 


CHARACTERISTIC* 

Vdd 

CDP185! 


< 

:DP1855< 


UNITS 


(V) 

Min. 

Typ.* 

Max. 

Min. 

Typ.* 

Max. 



Read Cycle 


CE to Data Out Active 

*CDO 

5 

■I 

200 

300 


200 

300 


10 

_ 

100 

150 

_ 

_ 

_ 


CE to Data Access 

tCA 

5 

— 

300 

450 

— 

300 

KBI 


KM 

— 

150 


— 

— 

- 


Address to Data Access 

tAA 

sa 

— 

300 

450 

— 

300 

■Mfl 


mm 

— 

150 

225 

— 

— 



Data Out Hold after CE 

tDOH 

5 

50 

150 



150 



10 

25 

75 

115 

— 

— 

- 


Data Out Hold after Read 

tDOH 

5 

50 

150 

225 

50 

150 


ns 

mm 

25 

75 

115 

— 

— 


Read to Data Out Active 

tRDO 

5 

— 



— 

200 



10 

— 

100 

150 

— 

— 



Read to Data Access 

tRA 

s 

— 

200 

McfiM 

_ 

200 



mm 

— 

100 

150 

— 

— 

— 


Strobe to Data Access 

tSA 

5 

50 

200 

300 

50 

200 

300 


mm 

25 

100 


— 

— 

— 


Minimum Strobe Width 

tsw 

5 

— 

150 


— 

150 

KM 


10 

- 

75 

115 

- 

- 

- 



• Maximum limits of minimum characteristics are the values above which all devices function. 
‘Typical values are for Ta = 25° C and nominal voltages. 



Fig. 9 - Read timing diagram. 
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SEMICONDUCTOR 


CDP1857 

CDP1857C 


February 1992 


4-Bit Bus Buffer/Separator 


Features 

• Provides Easy Connection of I/O to CDP1800- 
Series Microprocessor Data Bus. 

• Non-Inverting Fully Buffered Data Transfer 

Ordering Information 

TEMPERATURE 

PACKAGE RANGE 5V 10V 

Plastic DIP -40°Cto+85°C CDP1857CE 
Ceramic DIP -40°C to+85°C CDP1857CD 

TABLE 1. CDP1857 FUNCTION FOR I/O BUS SEPARATOR 
OPERATION 


DATA BUS OUT 
DB0-DB3 


DATA OUT 
DO0-DO3 


High Impedance High Impedance 


0 High Impedance 


High Impedance 


Description 

The CDP1857 and CDP1857C are 4 bit CMOS non-inverting bus 
separators designed for use in CDP1800-series microprocessor 
systems. They can be controlled directly by a 1800-series 
microprocessor without the use of additional components. 

The CDP1857 is designed for use as a bus buffer or separator between 
the 1800-series microprocessor data bus and I/O devices. It provides a 
chip-select (CS) input signal which, when high (1), enables the bus-sep¬ 
arator three-state output d rivers . The direction of data flow, when 
enabled, is controlled by the MRD input signal. 

In the CDP1857, when MRD = 1, it enables the three-state bus drivers 
(DB0- DB3) a nd transfers data from the DATA-IN lines onto the data bus. 
When MRD = 0, it disables the three-state bus drivers (DB0-DB3) and 
enables the three-state data output drivers {DO0-DO3), thus 
transferring data from the data bus to the DATA-OUT terminals. 

The CDP1857 can be used as a bi-directional bus buffer b y con necting 
the corresponding Dl and DO terminals (Figure 1). The MRD output 
signal from the 18(X)-series microprocessor has the correct polarity to 
control the CDP1857 when it is used a s I/O b us buffer/separator. There¬ 
fore, the 18(X )-serie s microprocessor MRD signal can be connected 
directly to the MRD input of CDP1857. See Function Table 1 for use of 
the CDP1857 as an I/O bus buffer/separator. 

The CDP1857 is functionally identical to the CDP1857C. The CDP1857 
has a recommended operating-voltage range of 4 to 10.5 volts, and the 
CDP1857C has recommended operating-voltage range of 4 to 6.5 volts. 
The CDP1857 and CDP1857C are supplied in 16-lead hermetic, dual¬ 
in-line ceramic packages (D suffix), and in 16-lead plastic packages (E 
suffix). 



CAUTION. These devices are sensitive to electrostatic discharge. Users should follow proper I.C Handling Procedures. 
Copyright © Harris Corporation 1992 


File Number 1192.1 


CMOS 

PERIPHERALS 











Specifications CDP1857, CDP1857C 


Static Electrical Characteristics At = -40°c to +85®c, Except as Noted: 



NOTES: 

1. Typical values are for T^ = +25°C and nominal voltage. 3. Iql = Iqh = “• 

2. Operating current measured in a CDP1802 system at 3.2MHz 
with outputs floating. 


Dynamic Electrical Characteristics At Ta = -40°c to +85°c, Vdd = 5%, v ,h = 0.7 Vdd, v,l = 0.3 Vdd, t^, t, = 20ns, Cl = ioopF 


CHARACTERISTIC 

SYMBOL 

Vdd 

(V) 

LIMITS 

UNITS 

CDP1857 

CDP1857C 

TYP 

(Note 1) 

MAX 

TYP 

(Note 1) 

MAX 

Propagation Delay Time: 

MRD or CS to DO 

^ED 

5 

150 

225 

150 

225 

ns 

10 

75 

125 

- 

- 

ns 

MRD or CS to DB 

^EB 

5 

150 

225 

150 

225 

ns 

10 

75 

125 

- 

- 

ns 

Dl to DB 

t|B 

5 

100 

150 

100 

150 

ns 

10 

50 

75 

- 

- 

ns 

DB to DO 

^BO 

5 

100 

150 

100 

150 

ns 

10 

50 

75 

- 

- 

ns 


NOTE: 1. Typical values are for T^ = 25°C and nominal voltages. 

Recommended Operating Conditions At T^ = Full Package Temperature Range.For maximum reliability, operating conditions 


should be selected so that operation *8 always within the following ranges: 


CHARACTERISTIC 

LIMITS 1 

UNITS 

CDP1857 

CDP1857C 

MIN 

MAX 

MIN 

MAX 

Supply-Voltage Range 

4 

10.5 

4 

6.5 

V 

Recommended Input voltage Range 

Vss 

D 

0 

> 

Vss 

Vdd 

V 
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Specifications CDP1857, CDP1857C 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vqd): 

(All Voltages Referenced to Vgs Terminal) 

CDP1857.-0.5V to+11V 

CDP1857C.-0.5Vto+7V 

Input Voltage Range, All Inputs.-0.5V to Vqd +0.5V 

DC Input Current, Any One Input.±10mA 

Power Dissipation Per Package (Pq) 

Ta = -40°C to +60°C (Package Type E). 500mW 

+60°C to +85°C (Package Type E).Derate Linearly at 

12mW/°C to 200mW 

Ta = -55°C to +100°C (Package Type D). 500mW 

Ta= +100°C to +125°C (Package Type D)_Derate Linearly at 

12mW/®C to 200mW 


Device Dissipation Per Output Transistor 
Ta = Full Package Temperature Range 

(All Package Types).10OmW 

Operating Temperature Range (Ta): 

Package Type D.-55°C to +125°C 

Package Type E.^0°C to +85°C 

Storage Temperature Range (Tgtg).-65°C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 
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CDP1B57, CDP1857C 


Typical Applications 



FIGURE 3. CDP1857 BIDIRECTIONAL BUS FIGURE 4. CDP1857 BUS SEPARATOR OPERATION 

BUFFER OPERATION 
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Features 

• Directly Interfaces with CDP1800-Series Microprocessor 

• Low Power Dissipation 

• 3-State Outputs 

• Scans and Generates Code for 53 Key ASCII Keyboard Plus 
32 HEX Keys (SPST Mechanical Contact Switches) 

• Shift, Control, and Alpha Lock Input 

• RC-Controlled Debounce Circuitry 

• Single Supply 4V to 10.5V.(CDP1871A) 

4Vto 6.5V.(CDP1871AC) 

• N-Key Lockout 


Ordering Information 


PACKAGE 

TEMPERATURE 

RANGE 

5V 

10V 

Plastic DIP 

-40°C to -i-85°C 

CDP1871ACE 

CDP1871AE 

Burn-in 


CDP1871ACEX 

CDP1871AEX 

PLCC 

-40°C to +85°C 

CDP1871ACQ 

CDP1871AQ 

Ceramic DIP 

-40°C to -i-85°C 

CDP1871ACD 

CDP1871AD 

Burn-in 


CDP1871ACDX 

CDP1871ADX 


Description 

The CDP1871A is a keyboard encoder designed to 
directly interface between a CDP1800-series micro¬ 
processor and a mechanical keyboard array, providing 
up to 53 ASCII coded keys and 32 HEX coded keys, 
as shown in the system diagram (Figure 1). 

The keyboard may consist of simple single-pole sin¬ 
gle-throw (SPST) mechanical switches. Inputs are pro¬ 
vided for alpha-lock, control, and shift functions, 
allowing 160 unique codes. An external R-C Input is 
available for user-selectable debounce times. The N- 
key lock-out feature prevents unwanted key codes if 
two or more keys are pressed simultaneously. 

The CDP1871A and CDP1871AC are functionally 
identical. They differ in that the CDP1871A has a rec¬ 
ommended operating voltage range of 4V to 10.5V, 
and the CDP8171AC has a recommended operating 
voltage range 4V to 6.5V. These types are supplied in 
40 lead dual-in-line ceramic packages (D suffix), and 
40 lead dual-in-line plastic packages (E suffix), and 44 
lead plastic chip-carrier packages (Q suffix). 



Pinouts 


40 LEAD DIP 

TOP VIEW 



Vdd 

SHIFT 

CONTROL 

ALPHA 


44 LEAD PLCC 

(Q Suffix) TOP VIEW 


£ < 3 

6 5 ^ ^ § 2 


DEBOUNCE 


y/ 6 5 4 3 2 1 44 43 42 41 40 

RTP 

D5 C 

7 

• 39 

TPB 

D6 C 




8 

38 

DA 

D7 C 

9 

37 

BUS 7 



BUS 6 

D8 C 

10 

36 

BUSS 

D9 C 

11 

35 

BUS 4 

Died 

12 

34 

BUSS 

Dlld 

13 

33 

BUS 2 

SI C 

14 

32 

BUS1 

S2 C 

15 

31 

BUSO 

S3 d 

16 

30 

CS4 

S4 d 

17 

29 

CSS 



CS2 



18 19 26 25 24 23 22 21 20 27 28 y 


S |« S S 3 ° 

> lo o o o 5 


CAUTION- These devices are sensitive to electrostatic discharge Users should follow proper I C Handling Procedures. 
Copyright © Harris Corporation 1992 
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CDP1871A, CDP1871AC 



- ^ 

1 

1 

UP TO II SETS 

OF 8 SWITCHES EACH 

1 

1 

1 

1 

f f / 

^1 ^1 
■/fill 

4 >> 

lllj 


- ALPHA 

S7 

NORMAL BU0-BUS7 SB 

ST [32 


FFKft 

I qI oI p'qI 


FIGURE 1. TYPICAL CDP1800 SERIES MICROPROCESSOR SYSTEM USING THE CDP1871A 



FIGURE 2. CDP1871A BLOCK DIAGRAM 
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CDP1871A, CDP1871AC 


Absolute Maximum Ratings 

(All Voltages Referenced to Vss Terminal) 

CDP1871A.-0.5V to+11V 

CDP1871AC.-0.5Vto+7V 

Input Voltage Range, All Inputs.-0.5V to Vqd +0.5V 

DC Input Current, any One Input.±10mA 

Power Dissipation Per Package (Pq) 

Ta = -40°C to +60°C (Package Type E). 500mW 

Ta = +60°C to +85°C (Package Type E).Derate Linearly at 

12mW/°C to 200mW 

Ta = -55®C to +100°C (Package Type D). 500mW 

Ta = +100°C to +125°C (Package Type D)_Derate Linearly at 

12mW/°C to 200mW 


Ta = -40°C to +850®C (Package Type Q)Note 1 .500mW 

Device Dissipation Per Output Transistor 
Ta = Full Package Temperature Range 

(All Package Types).lOOmW 

Operating Temperature Range (Ta): 

Package Type D.-55°C to +125®C 

Package Type E and Q.-40°C to +85®C 

Storage Temperature Range (T^jg).-€5®C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 


NOTE: 1: Printed-circuit board mount: 57mm x 57mm minimum area x 1.6mm thick G10 epoxy glass, or equivalent. 


Recommended Operating Conditions at Ta = -40 to +85®C. For maximum reliability, operating conditions should be 
selected so that operation is always within the following ranges: 


















































Specifications CDP1871A, CDP1871AC 


STATIC ELECTRICAL CHARACTERISTIC at Ta = -40 to +85° C, except as noted 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

Vo 

(V) 

VIN 

(V) 

Vdd 

(V) 

CDP1871AD 

CDP1871AE 

CDP1871ACD 

CDP1871ACE 

MIN. 

TYP.* 

MAX. 

MIN. 

TYP.* 

MAX. 

Quiescent Device 

Current Idd 

— 

0,5 

5 

— 

0.1 

50 

— 

1 

200 

//A 

— 

0,10 

10 

— 

1 

200 

— 

— 

— 

Output Low Drive (sink) Current 
(except debounce and D1-D11) lot 

Debounce Iol 

0.4 

0,5 

5 

0.5 

1 

— 

0.5 

1 

— 

mA 

0.5 

0,10 

10 

1 

2 

— 

— 

— 

— 

0.4 

0,5 

5 

0.75 

1.5 

— 

0.75 

1.5 

— 

0.5 

0,10 

10 

1 

2 - 

_ 

— 

— 

— 

D1-D11 Iol 

0.4 

0,5 

5 

.05 

0.1 

— 

.05 

0.1 

— 

0.5 

0,10 

10 

0.1 

02 

— 

— 

— 

— 

Output High Drive (Source) Current 

I OH 

4.6 

0,5 

5 

-0.3 

-0.6 

— 

-0.3 

-0.6 

— 

9.5 

0,10 

10 

-0.75 

-1.5 

— 

— 

— 

— 

Input Low Voltage 

(except Debounce) Vil 

0.5,4.5 

— 

5 

— 

— 

1 5 

— 

— 

1.5 

V 

1,9 

— 

10 

— 

— 

3 

— 

— 

- 

Input High Voltage 

(except Debounce) Vih 

0 5,4 5 

— 

5 

3.5 

— 

— 

3.5 

— 

— 

1,9 

— 

10 

7 

— 

— 

— 

— 

— 

Debounce Schmitt Trigger 

Input Voltage 

Positive Trigger Voltage Vo 

0.4 


5 

2.0 

3.3 

4.0 

2.0 

3.3 

4.0 

0.5 

— 

10 

4.0 

6.3 

8.0 

— 

— 

— 

Negative Trigger Voltage Vn 

0.4 

— 

5 

0.8 

1.8 

3.0 

0.8 

1.8 

3.0 

0.5 

— 

10 

1.9 

4.0 

60 

— , 

— 

— 

Hysteresis Vh 

0.4 

0,5 

5 

0.3 

1.6 

2.6 

0.3 

1.6 

2.6 

0.5 

0,10 

10 

0.7 

2.3 

4.7 

— 

— : 

— 

Output Voltage Low Level 

VoL 

— 

0,5 

5 

— 

0 

.05 

— I 

0 

.05 

— 

0,10 

10 

— 

0 

.05 

— 

— 


Output Voltage High Level 

VoH 

- 

0,5 

5 

4.95 

5 

- 

4 95 

5 


— 

0,10 

10 

9.95 

10 

— 

— 

— 

— 

Input Leakage Current 
(except S1-S8, Shift, Control) Iin 

— 

0,5 

5 1 

— 

.01 

1 

— 

.01 

1 

fjA 

— 

0,10 

10 

— 

01 

1 

— 

— 

— 

3-State Output Leakage Current 

I OUT 

0.5 

0,5 

5 

— 

01 

1 

— 

.02 

2 

0,10 

0,10 

10 

— 

.02 

2 

— 

— 

— 

Pull-Down Resistor Value 
(S1-S8, Shift, Control) Rpd 

- 

- 

- 

7 

14 

24 

7 

14 

24 

kQ 

Operating Current loper 

(All-outputs fcL = 0.4 MHz 
unloaded) fcL = 0.8 MHz 

0.5,4.5 

0,5 

5 

_ 

0.6 

_ 

_ 

0.6 

_ 

mA 

1.9 

0,10 

10 

— 

2.7 

— 

— 

— 

- 


‘Typical values are for Ta = +25°C and nominal Vdd 
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CDP1871A, CDP1871AC 


FUNCTIONAL DESCRIPTION OF CDP1871A TERMINALS 


D1 — D11 (Outputs): 

Drive lines for the 11 x 8 keyboard sv\/itch matrix. These 
outputs are connected through the external switch matrix 
to the sense lines (SI — S8). 

SI — S8 (Inputs): 

Sense lines for the 11x8 keyboard maxtrix. These inputs 
have internal pull-down resistors and are driven high by 
appropriate drive line when a keyboard switch is closed. 

C^, CS2, CS3, CS4 (Inputs): 

Chip select inputs, which are used to enable the tri-state 
data bus outputs (BUS 0 — BUS 7) and to enable the 
resetting of the status flag (DA), which occurs on the low- 
to-high transition of TPB. These four i npuy are normally 
connected to the N-lines (N0-N2) and MRb output of the 
CDP1800-series microprocessor. (Table 2) 

BUS 0 — BUS 7 (Outputs): 

Tri-state data bus outputs which provide the ASM and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUSO— BUS 7 terminals of the CDP1800- 
series microprocessor. 

DA (Output): 

The data available output flag which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the C DP1871A. 
This output IS normally connected to a flag input (EF1-EF4) 
of the CDP1800-series microprocessor. 

TPB (Input): 

The input clock used to drive the scan generator and reset 


the status flag (T5A). This input Is normally connected to the 
TPB output of the CDP1800-serles microprocessor. 

r 1^ (Output): 

The repeat output flag which is used to indicate that a key is 
still closed after data has been read from the CDP1871A 
(DA = high). It remains low as long as the key is closed and 
is used for an autorepeat function, under CPU control. T his 
output is normally connected to a flag input (EF1-EF4) of 
the CDP1800-series microprocessor. 

DEBOUNCE(lnput): 

This input is connected to the junction of an external resis¬ 
tor to Vdd and capacitor to Vss. It provides a debounce time 
delay (t = RC) after the release of a key. If a debounce is not 
desired, the external pull-up resistor is still required. 

ALPHA, SHIFT, CONTROL (Inputs): 

A high on the SHIFT or CONTROL Inputs will be Internally 
latched (after the debounce time) and the drive and sense 
line decoding will be modified as shown in Table 3. They are 
normally connected to the keyboard, but produce no code 
by themselves The SHIFT and CONTROL inputs have in¬ 
ternal pull-down resistors to simplify use with momentary 
contact switches. The ALPHA input Is not latched and Is 
designed for a standard SPOT switch to provide an alpha- 
lock function. When ALPHA = 1 the drive and sense line 
decoding will be modified as shown In Table 3. 

Vdd, Vss: 

Vdd is the positive supply voltage input. Vss is the most 
negative supply voltage terminal and is normal connected 
to ground. All outputs swing from Vss to Vdd. The recom¬ 
mended Input voltage swing is from Vss to Vdd. 


TABLE 1 — SWITCH INPUT FUNCTIONS 


CONTROL 

SHIFT 

ALPHA 

KEY FUNCTION 

0 

0 

0 

NORMAL 

1 

X 

X 

CONTROL 

0 

1 

X 

SHIFT 

0 

0 

1 

ALPHA 


X = DON’T CARE 


TABLE 2 - VALID N-LINE CONNECTIONS 


CPU 

CDP1871A SIGNAL 

CPU INPUT 


CS4 

CSS 

CS2 

CS1 

INSTRUCTION 

CDP1800- 

Md 

N2 

NO 

N1 

INP5 

SERIES 


NO 

N1 

N2 

INP3 

SIGNAL 

ivrHU 

N2 

N1 

_I 

NO 

INP6 
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CDP1871A, CDP1871AC 

TABLE 3 — DRIVE AND SENSE LINE KEYBOARD CONNECTIONS:): 


SENSE 

LINES 


DRIVE LINES 


ll^l 


iiyoyi 


CARRAIGE 

RETURN 


g BEL 


SI w ETB 


84i 6 8Ci 
85i6 8Di 

86i 6 8 Ei 

87i6 8Fi 


‘CONTROL overrides SHIFT and ALPHA 


= NO RESPONSE 


^Showing ASCII outputs for all combinations with and without SHIFT, ALPHA LOCK and CONTROL 
fDrive lines 8, 9, 10, and 11 generate non-ASCII hex values which can be used for special codes. 


TABLE 4 — HEXIDECIMAL VALUES OF ASCII CHARACTERS 


0 0 

_Lj 

HSQ! 


0 1 


HEB&I 

DC1 

1 0 

wm 

Bg[Q[ 


1 1 

wm 




4 

HESB 

DC4 

0 1 

5 


NAK 

1 0 

6 

ACK 

SYN 


* 



+ 

; 



< 





















































CDP1871A, CDP1871AC 


OPERATION 


The CDP1871A is made up of two major sections: the 
counter/scan-selection logic and the control logic (Fig. 2). 
The counter and scan-selection logic scans the keyboard 
array using the drive lines (D1-D11) and the sense lines 
(S1-S8). The outputs of the internal 5-stage scancounter 
are conditionally encoded by the ALPHA, SHIFT, and CON¬ 
TROL inputs (Table 1, Table 3) and are used to drive the 
D1-D11 output lines high oneatatime. Each D1-D11 output 
may drive up to eight keys, which are sampled by the sense 
line inputs (S1-S8). The S1-S8 inputs are enabled by the 
internal 3-stage scancounter. 

The control logic interfaces with the CDP1800-series I/O 
and timing signals to establish timing and status conditions 
for the CDP1871A. 

The TPB input clocks the scancounters and is also used to 
reset the Data Available output (DA). When a valid keydown 
condition is detected on a sense line, the control logic 
inhibits the clock to the scancounters on the next low-to- 
high transition of TPB and the DA output is set low. The 
scancounter outputs (C1-C8) represent the ASCII and HEX 
key codes and are used to drive the BUS 0 — BUS 7 outputs, 
which interface directly to the CDP1800-Series data bus. 
The BUS 0 — BUS 7 outputs, which are normally tri-stated, 
are enabled by decoding the CS inputs during a CPU input 
instruction (Table 2). The low-to-high transition of TPB 
during the input instruction resets the DA output high. 
Once the DA output has been reset, it cannot go low again 
until the present key is released and a new keydown condi¬ 
tion is detected. (This prevents unwanted repeated keycode 
outputs which may be caused by fast software routines). 
After the depressed key is released and the debounce delay 
(determined by RX, CX) has occurred, the scan clock inhibit 


is removed, allowing the scancounters to advance on the 
following high-to-low transitions of TPB. This provides an 
N-key lockout feature, which prevents the entry of errone¬ 
ous codes when two or more keys are pressed simulta¬ 
neously. The first key pressed In the scanning order Is 
recognized, while all other keys pressed are Ignored until 
the first key is released and read by the CPU, at which time 
the next key pressed in the scanning order is detected. If the 
first key remains closed after the CPU reads the data and 
resets the DA outp ut, on the low-to-high transition of TPB, 
an auxiliary signal (RPT) is generated and is av ailabl e to the 
CPU to indicate an auto-repeat condition. The RPT output 
is reset high at the end of the debounce delay after the 
depressed key is released. 

The DEBOUNCE input provides a terminal connection for 
an external user-selected RC circuit to eliminate false de¬ 
tection of a keydown condition caused by keyboard noise. 
The operation of the DEBOUNCE circuit is shown in Fig. 2 
(Pin 36). When a valid keydown is detected, the on-chip 
active-resistor device (Rn) is enabled and the external ca¬ 
pacitor (Cx) is discharged, providing a key closure de¬ 
bounce time = RnCx- This discharge is sensed by the 
Schmitt-tigger inverter, which clocks the DA flip-flop 
(latching the DA output low and inhibiting the scan clock). 
(The DA F/F is reset by the low-to-high transition of TPB 
when the CS inputs are enabled). When a valid key-release 
is detected Rn is disabled and Cx begins to charge through 
the external resistor (Rx), providing a key-release debounce 
time = RxCx. This charge time is again sensed by the 
Schmitt-trigger inverter, enabling the scan clock to con¬ 
tinue on the next high-to-low transitions of TPB, after the 
current keycode data is read by the CPU. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta -40 to +85° C, \/dd ±5% 


CHARACTERISTIC 


LIMITS j 

UNITS 

CDP1871AD 

CDP1871AE 

CDP1871ACD 

CDP1871ACE 

MIN. 

TYP.* 

MAX. 

MIN. 

TYP.* 

MAX. 

Clock Cycle Time 

tcc 

5 

— 

— 

— 

— 

— 

_ 

NOTE 

1 

10 

— 

— 

— 

— 

— 

_ 

Clock Pulse Width High 

teWH 

5 

100 

40 

- 

100 

40 

- 

mn 

10 

50 

20 

— 

— 

— 

— 

Data Available Valid 

Delay toAL 

5 

— 


500 

— 

260 

500 

ns 

10 

— 

130 

250 

— 

— 

— 

Data Available Invalid 

Delay toAH 

5 

— 

70 

150 

— 

70 


ns 

10 

— 

35 

75 

— 

— 


Scan Count Delay 

(Non-Repeat) tcoi 

5 

— 

850 

1900 

— 


1900 



— 


HSH 

— 

— 


Data Out Valid Delay 

tcDV 

5 

— 

120 


— 


250 

ns 


— 

60 

i■m 

— 

— 

— 

Data Out Hold Time 

tcDH 

5 

— 

100 

200 

— 

100 

200 

ns 

10 

— 

50 


— 

— 

— 

Repeat Valid Delay 

tRPL 

5 


150 

IHESSH 

— 

150 

400 

ns 

10 

— 

75 

IlIQBi 

— 

— 

— 

Repeat Invalid Delay 

tfiPH 

5 

— 

350 

700 

— 


700 


10 

— 

170 



[lEZ 

— 



‘Typical Values are for Ta = + 25° C and nominal Vdo 


Note 1. tec — teWH + teWL 


teWL — tcD 1 + KC 

k = 0.9 ns per pF 


c = keyboard capacitance (pF) 
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CDP1871A, CDP1871AC 



BUS0-BUS7 


~*\ ’CDvl*^ ♦CDH 

- ^ VALID ^- 


* - 

CS= C^»CS2*CS3»CS4 92CM-35006 

CST, CS2. CS3 = CPU N-LINES 
CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION 


Fig 3 — CDP1871A dynamic timing diagram (non-repeat) 



DI-DII PRESENT COUNT Y NEXT COUNT 

---«- II -- 


cs* I I .. 

“^♦CDV [**■ 

’COH I**- 


I-BUS7 ^ 

VALID ^ - li - 



CS = CSI •CS2 -CSS •CS4 92CM-35007 

CS= CST, CS2 ,CS3 * (CPU N-LINES) 

CS4 IS HIGH FOR CPU INPUT INSTRUCTION 

Fig 4 — CDP1871A dynamic timing diagram (repeat) 


4-62 






92CM-32530RI 

■ig 5 — Typical system software flowchart 
for CDP1871A, CDP1871AC 
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SEMICONDUCTOR 


CDP1872C, 
CDP1874C, CDP1875C 


February 1992 


Features 

• Parallel 8-Bit Input/Output Register with Buffered Outputs 

• High-Speed Data-In to Data-Out_85ns (Max.) at Vdq s 5V 

• Flexible Applications In Microprocessor Systems as Buffers 
and Latches 

• High Order Address-Latch Capabiiity in CDP1800-Series 
Microprocessor Systems 

• Output Sink Current = 5mA (Min.) at VDD = 5V 

• 3-State Output - CDP1872C and CDP1874C 


Ordering Information 


High-Speed 8-Bit Input and Output Ports 


Description 


CDP1872C 

CDP1874C 

CDP1875C 

CDP1872CE 

CDP1874CE 

CDP1875CE 

CDP1872CEX 

- 

- 

CDP1872CD 

- 

CDP1875CD 

- 

- 

CDP1875CDX 


The CDP1872C, CDP1874C and CDP1875C devices 
are high-speed S-bit parallel input and output ports 
designed for use in the CDP1800 microprocessor 
system and for general use in other microprocessor 
systems. The CDP1872C and CDP1874C are 8-bit 
input ports; the CDP1875C is an 8-bit output port. 

These devices have flexible c apab ilities as buffers and 
data latches and are reset by CLR input when the data 
strobe is not active. 

The CDP1872C and CDP1874C are functionally Iden¬ 
tical except for device selects.The CDP1872C has one 
active low and one active high select; the CDP1874C 
has two active high device selects. These devices also 
feature 3-state outputs when deselected. Data is 
strobed into the register on the leading edge of the 
CLOCK and latched on the trailing edge of the 
CLOCK. 

The CDP1875C is an output port with data latched into 
the registers when the device selects are active. There 
are two active high and one active low selects. The 
output buffers are enabled at all times. 

These devices are supplied in 22-lead hermetic, dual- 
in-line side-brazed ceramic packages (D suffix) and in 
22-iead dual-in-line plastic package (E suffix). 


Pinouts 

CDP1872C INPUT PORT 

TOP VIEW 


^ LL 

DIO [£ 
DOO [T 
DI1 [T 
D01 [T 
DI2 [T 
D02 [T 
DI3 [V 

D03 pr 

CLOCK 0 

vss [il 


CDP1874C INPUT PORT 
TOP VIEW 


CDP1875C OUTPUT PORT 

TOP VIEW 


CS1 LL 

DIO [£ 
DOO 

DI1 [T 


^ Vdd ^ LL 

ii] DI7 DIO [Z 

^ D07 DOO m 

Zl DI6 DI1 [T 

^ DOS D01 IZ 

Z] DI5 DI2 [T 

Ts] DOS D02 [T 

"is] Di4 DI3 Pr 

Z] D04 D03 IZ 

Z] ^ CS3 [Z 


LZI CLR CLOCK IZ] 


18| DOS 

Z] CIS 
Z] DOS 

^ DI4 


22j Vdd 
Zl DI7 

20] D07 
Zl DIS 

Z] DOS 

Tt] DIS 


14| D04 

Zl ^ 

"lil CS2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications CDP1872C, CDP1874C, CDP1875C 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd). 

(Voltage referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS. 

DC INPUT CURRENT, ANY ONE INPUT. 

POWER DISSIPATION PER PACKAGE (Pd) 

ForTA = -40‘’C to +60“C (PACKAGE TYPE E) . 

For Ta = +60° C to +85° C (PACKAGE TYPE E). 

ForTA = -55°C to +100°C (PACKAGE TYPE D). 

ForTA = +100°Cto +125°C (PACKAGE TYPE D). 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta - FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta) 

PACKAGE TYPE D. 

PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE (Tsto). 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 in (1.59 ± 0 79 mm) from case for 10 s max. 


.-0.5 to +7 V 

.-0.5 to Vdd +0.5 V 

.±10 mA 

. 500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

. 500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

.100 mW 

.-55°Cto +125°C 

.-40° C to +85° C 

.-65°Cto +150°C 

. +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = -40°C to +85°C. 

For maximum reliability, operating conditions shouid be seiected so that operation is aiways within the foiiowing ranges: 


CHARACTERISTIC 

LIMITS 

ALL TYPES 

UNITS 

DC Operating-Voltage Range 

4 to 6.5 

V 

Input Voltage Range 

Vss to Vdd 


STATiC ELECTRICAL CHARACTERISTICS at Ta = -40°C to +85°C, Vdd ± 5%, except as noted 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

ALL TYPES 

UNITS 

Vo 

(V) 

V,N 

(V) 

Vdd 

(V) 

MIN. 

TYP. • 

MAX. 

Quiescent Device Current Idd 

— 

0, 5 

5 

— 

25 

50 


Output Low Drive (Sink) Current lot 

0.4 

0, 5 

5 

5 

10 

— 

mA 

Output High Drive (Source) Current Ioh 

4.6 


5 

-4 

-7 

— 

Output Voltage Low-Level * Vol 

— 


5 

— 




Output Voltage High-Level * Voh 

— 

0, 5 

5 

■a 

5 

- 

Input Low Voltage Vil 

0.5, 4.5 

— 

5 

- 

— 


Input High Voltage Vih 


— 

5 


— 

— 

Input Leakage Current Iin 

— 



— 

— 


m 

3-State Output Leakage Current # Iout 



5 

— 

— 


Input Capacitance Cin 

— 

— 

— 

- 


- 


Output Capacitance # Cout 

- 

- 

- 

- 


- 


• Typical values are for Ta = 25° C and Vdd ±5%. 
loL = loH 1 AfA, 

# For CDP1872C and CDP1874C only. 
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Specifications CDP1872C, CDP1874C, CDP1875C 




Fig. 1 - Equivalent logic diagram {1 of 8 latches shown) 
for CDP1872C. 


Fig. 2 - Equivalent logic diagram {1 of 8 latches shown) 
for CDP1874C. 



Fig. 3 - Equivalent logic diagram (7 of 8 latches shown) 
for CDP1875C. 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25° C, Vdd = 5 V, L, tf = 10 ns, V,h = 0.7 Vdd, 
V,l = 0.3 Vdd, Cl =150 pF 



LIMITS 


CHARACTERISTIC 

CDP1872C 

CDP1874C 

UNITS 


TYP. • 

MAX. t 



Input Port (Fig. 4) 

Output Enable 

tEN 

45 

OuiK-<t Disable 

tois 

45 

Clock to Data Out 

tcLO 

45 


Clear to Output 


Data In to Data Out 


Minimum Data Setup Time 


Data Hold Time 


Minimum Clock Pulse Width 


Minimum Clear Pulse Width 




Fig. 4 - Timing waveforms for CDP1872C and CDP1874C {input-port types). 
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Specifications CDP1872C, CDP1874C, CDP1875C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25° C, Vdd = 5 V, L, tf = 10 ns, Vih = 0.7 Vdd, 
V,l = 0.3 Vdd, Cl =150 pF 




LIMITS 


CHARACTERISTIC 


CDP1875C 

UNITS 



TYP. • 

MAX. t 


Output Port (Fig. 5) 

Clock to Data Out 

tcLO 

50 

100 


Clear to Output 

tcRO 

80 

160 


Data In to Data Out 

tDIO 

50 

85 

ns 

Minimum Data Setup Time 

tDS 

10 

30 

Data Hold Time 

toH 

10 

30 


Minimum Clear Pulse Width 

tcR 

30 

_1 

60 



• Typical values are for Ta = 25° C and Vdd ±5%. 
t Maximum values are for Ta = 85°C and Vdd ±5%. 



Fig. 5 - Timing waveforms for CDP1875C {output port). 



Fig. 6 - CDP1874C used as an input port and address latch with 
CDP1875C used as an output port. 
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CDP1872C, CDP1874C, CDP1875C 



9ECS-33003R2 

Fig. 7 - CDP1872C used as an input port and selected by CD74HC138. 



Fig. 8-CDP1874C and CDP1875C used as input/output buffers. 
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SEMICONDUCTOR 


CDP1877 

CDP1877C 


February 1992 


Programmable Interrupt Controller (PIC) 


Features 

• Compatible with CDP1800 Series 

• Programmable Long Branch Vector Address and 
Vector Interval 

• 8 Levels of Interrupt Per Chip 

• Easily Expandable 

• Latched Interrupt Requests 

• Hard Wired Interrupt Priorities 

• Memory Mapped 

• Multiple Chip Select Inputs to Minimize Address 
Space Requirements 


Description 


Ordering Information 



TEMPERATURE 



PACKAGE 

RANGE 

5V 

10V 

Plastic DIP 

-40°C to +85°C 

CDP1877CE 

CDP1877E 

Ceramic 

DIP 

-40°C to +85°C 

CDP1877CD 

CDP1877D 

Burn-in 


CDP1877CDX 

- 


The CDP1877 and CDP1877C are programmable 8-level interrupt control¬ 
lers designed for use In CDP1800 series microprocessor systems. They 
provide added versatility by extending the number of permissible interrupts 
from 1 to N in increments of 8. 

When a high to low transition occurs on any of the PIC interrupt lines (T^ to 
IR7), it will b e latched and, unless the request is m asked, it will c ause the 
INTERRUPT line on the PIC and consequently the INTERRUPT Input on 
the CPU to go low. 

The CPU accesses the PIC by having Interrupt vector register R(1) loaded 
with the memory address of the PIC. After the interrupt S3 cycle, this regis¬ 
ter value will appear at the CPU address bus, causing the CPU to fetch an 
instruction from the PIC. This fetch cycle clears the interrupt request latch 
bit to accept a new high-to-low transition, and also causes the PIC to issue a 
long branch Instruction (CO) followed by the preprogrammed vector address 
written into the PIC’s address registers, causing the CPU to branch to the 
address corresponding to the highest priority active interrupt request. 

If no other unmasked interrupts are pending, the INTERRUPT output of the 
PIC will return high. When an interrupt is reques ted on a mas ked interrupt 
line, it will be latched but it will not cause the PIC INTERRUPT output to go 
low. All pending Interrupts, masked and unmasked, will be indicated by a “1” 
in the corresponding bit of the status register. Reading of the status register 
will clear all pending interrupt request latches. 

Several PICs can be c ascaded to gether by connecting the INTERRUPT out¬ 
put of one chip to the CASCADE input of another. Each cascaded PIC pro¬ 
vides 8 additional interrupt levels to the system. The number of units 
cascadable depends on the amount of memory space and the extent of the 
address decoding in the system. 

Interrupts are prioritized in descending order; TR7 has the highest and TO 
has the lowest priority. 

The CDP1877 and CDP1877C are functionally Identical. They differ in that 
the CDP1877 has a recommended operating voltage range of 4V to 10.5V, 
and the CDP1877C has a recommended operating voltage range of 4V to 
6.5V. These types are supplied in 28 lead dual-in-line ceramic packages (D 
suffix), and 28-lead dual-in-line plastic packages (E suffix). 


Programming Model 

PROGRAMMABLE INTERRUPT CONTROLLER (PIC) 



I WRITE 
A8 I ONLY 

I WRITE 
BO ONLY 


WRITE 
MO ONLY 


READ 
SO ONLY 


CAUTION. These devices are sensitive to electrostatic discharge Users should follow prefer I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications CDP1877, CDP1877C 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vdd) 

(Voltage referenced to Vss terminal) 

CDP1877 . 

CDP1877C . 

INPUT VOLTAGE RANGE. ALL INPUTS. 

DC INPUT CURRENT. ANY ONE INPUT. 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta=- 40 to +60*0 (PACKAGE TYPE E). 

For Ta=+ 60 to +85®C (PACKAGE TYPE E). 

For Ta=-55 to 4-100® C (PACKAGE TYPE D) . 

For Ta=+100 to 125®C (PACKAGE TYPE D). 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta=FULL package-temperature range (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPED . 

PACKAGE TYPE E. 

STORAGE-TEMPERATURE RANGE (Tgtg). 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. ... 


.-0.6 to 4-11 V 

.-0.5 to +7 V 

.-0.5 to Vdd +0.5 V 

.±10 mA 

.500 mW 

Derate Linearly at 12 mW/®C to 200 mW 

.500 mW 

Derate Linearly at 12 mW/®C to 200 mW 

.100 mW 

.-55 to +125® C 

.-40 to+86®C 

.-65 to +150®C 

.+265®C 


STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85° C, Vqd ±5%, Except as noted 


1 


CONDITIONS 

LIMITS 


CHARACTERISTIC 

Vo 

V|N 

Vdd 


CDP1877_ 


::dpi877 


UNITS 



(V) 

(V) 

(V) 


Typ.* 

Max. 

Min. 

Typ.* 

Max. 


Quiescent Device 


— 

0. 5 

5 

— 

0.01 

50 

B 

0.02 

200 

uA 

Current 

•dd 

— 

0. 10 

10 

— 

1 

200 


— 

— 




■SI 

0. 5 

5 

1.6 

3.2 

— 

1.6 

3.2 






0. 10 

10 

2.6 

5.2 

— 

— 

— 

B 

mA 

Output High Drive 


4.6 

0. 5 



-2.3 

g 

-1.15 

-2.3 

B 

(Source) Current 

lOH 

9.5 

0. 10 



-5.2 


— 

— 

B 


Output Voltage 



0, 5 

5 

ingiii 

0 

0.1 

— 

0 

0.1 


Low-Level 

VOL* 


0. 10 

10 

IB 

0 

0.1 


— 

— 


Output Voltage 


■BB 

0. 5 

5 

4.9 

5 

— 


5 

IHSH 


High Level 

VOH* 

nn 

0. 10 

10 

9.9 

10 

— 

B 

— 


V 

Input Low 



— 

5 

|^B|| 

— 

1.5 

Bi 

— 

1.5 


Voltage 

V|L 

IBS 

— 

10 


— 

3 

B! 

— 

— 


Input High 



— 

5 

B|B 

— 

— 

3.5 

— 

■Bj 


Voltage 

V|H 



10 

■i 

— 

— 



IBI 


Input Leakage 


Any 

0.5 

5 

■gn 

— 

±1 

B 

— 

±1 


Current 

l|N 

Input 

0, 10 

10 


— 

±2 

B 

___ 

— 

//A 

3-State Output Leakage 


0,5 

0. 5 

5 

— 

±10-4 

±1 

B 

■SKBLI 

±1 

Current 

•out 

0. 10 

0. 10 

10 

— 

±10-4 

±10 

B 

mM 

— 


Input Capacitance 

C|N 

— 

— 

— 

— 

5 

7.5 

— 

5 


PF 

Output Capacitance 

CoUT 

— 

— 

■31 

■Bb 

10 

15 

— 

10 

15 

Operating Device 





bhH 


1.0 



1.0 


Current 

•OPER^ 




B 

bI 

3.0 

— 

Wm 

■Bi 

mA 


*Typical values are for Ta= 25®C and nominal Vdd- ^•ol=IOH='I 
^ Operating current measured under worst-case conditions in a 3.2-MHz CDP1802A system: 
one PIC access per instruction cycle. 
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CDP1877, CDP1877C 


OPERATING CONDITIONS at Ta=FuII Package-Temperature Range. For maximum reliability, 
operating conditions should be selected so that operation is always within the following ranges: 



Fig. 1 - Functional diagram for CDP1877. 


92CL-34372 


Functional Definitions for CDP1877 and CDP1877C Terminals 


TERMINAL 

USAGE 

TYPE 

Vdd— Vss 

Power 


BUSO—BUS7 

Data bus—Communicates information to and from CPU 

Bidirectional 

IRO—IR7 

Interrupt Request Lines 

Input 

INTERRUPT 

Interrupt to CPU 

Output 

MRD, MWR 

Read/Write controls from CPU 

Input 

TPA, TPB 

Timing pulses from CPU 

Input 

CS, CS 

Chip selects, Enable Chip if valid during TPA 

Input 

CS/Ax. CS/Ay 

Used as a Chip Select during TPA and as a Register address during 



Read/Write Operations 

Input 

CASCADE 

Used for cascading several PIC units. The INTERRUPT output from a higher 



priority PIC can be tied to this input, or the input can be tied to Vdd if cascading 



Is not used. 

Input 
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CDP1877, CDP1877C 


PIC Programming Model 
INTERNAL REGISTERS 

The PIC has three write-only programmable registers and 
two read-only registers. 


Page Register 

This write only register contains the high order vector the 8 possible interrupt requests; thus, interrupt vectoring 

address the device will Issue in response to an interupt differs only in location within a specified page, 

request. This high-order address will be the same for any of 


BUS 7 


BUSO 





-PA-GE register BTfg ■ 




A15 

A14 

A13 

A12 I A11 

A10 

A9 

A8 


WRITE ONLY 


Control Register 

The upper nibble of this write-only register contains the low Interrupt request. The lower nibble is used for a master 

order vector address the device will issue in response to an interrupt reset, master mask reset and for Interval select. 


BUS 7 


BUS 0 





CONTROL REGISTER BITS 




B7 

B6 

B5 

B4 j B3 

B2 

B1 

BO 




} r 


WRITE ONLY 


INTERVAL SELECT 
DETERMINES NUMBER OF 
BYTES ALLOCATED TO EACH 
INTERRUPT SERVICE ROUTINE 




Interval 









8 

BH 


16 


I -MASTER MASK RESET 

0 RESETS ALL MASK REGISTER BITS 
1 NO CHANGE 


MASTER INTERRUPT RESET 
0 RESETS ALL INTERRUPT LATCHES 
CLEARS ANY PENDING INTERRUPTS 
1 NO CHANGE 


SETS UPPER BITS OF THE LOW ORDER 
VECTOR ADDRESS AS A FUNCTION OF THE 
INTERVAL SELECT 


THE LOW ORDER VECTOR ADDRESS WILL BE SET ACCORDING TO THE TABLE BELOW: 


INTERVAL SELECTED- 


LOW ADDRESS BITS 


NO. OF BYTES 

BIT B7 

BIT B6 

BIT B5 

BIT B4 

2 

SETS A7 

SETS A6 

SETS A5 

SET A4 

4 

SETS A7 

SETS A6 

SETS A5 

X 

8 

SETS A7 

SETS A6 

X 

X 

16 

SETS A7 

X 

X 

X 


X=DONT CARE 

NOTE: All DON’T CARE Addresses and Addresses A0-A3 are determined by interrupt request. 


4-72 


















CDP1877, CDP1877C 


Mask Register 

A “1” written into any location in this write only register will 
mask the corre sponding in terrupt request line. All interrupt 
inputs (except CASCADE) are maskable. 


BUS 7_ _ BUS 0 





MASK BITS 




M7 

M6 

M5 

M4 I M3 

M2 

M1 

MO 


WRITE ONLY 


Status Register 

In this read only register a “1” will be present in the 
corresponding bit location for every masked or unmasked 
pending Interrupt. 


BUS 7 BUS 0 





STATUS BITS 




S7 

S6 

S5 

S4 I S3 

S2 

S1 

SO 


READ ONLY 


Polling Register 

This read only register provides the low order vector 
address and is used to identify the source of interrupt if a 
polling technique, rather than interrupt servicing, is used. 


BUS 7 


BUSO 





POLLING BITS 




P7 

P6 

P5 

P4 I P3 

P2 

P1 

PO 


READ ONLY 


RESPONSE TO INTERRUPT (AFTER S3 CYCLE) 

The PIC’s response to interrogation by the CPU Is always 3 
bytes long, placed on the data bus in consecutive bytes In 
the following format; 

First (Instruction) Byte: 

LONG BRANCH INSTRUCTION - CO (Hex) 


BUS 7 BUS 0 


1 

1 

0 

0 

0 

0 

0 

0 


Second (High-Order Address) Byte 

This byte is the High-Order vector Address that was written 
into the PIC’s Page Register by the user. The PIC does not 
alter this value in any way. 

High-Order Vector Address 


BUS 7 BUS 0 


A15 

A14 

A13 

A12 

A11 

A10 

A9 

A8 
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Third (Low-Order Address) Bytes 

INTERVAL 2 

BUS 7 BUS 0 


A7 

A6 

A5 

A4 

’<ssm 

msssm 

0 

INTERVAL 4 

BUS 7 BUS 0 

A7 

A6 

A5 

zm. 


WBL 

0 

0 

INTERVAL 8 

BUS 7 BUS 0 

A7 

A6 


V//A 

V^4// 

0 

0 

0 

INTERVAL 16 

BUS 7 BUS 0 

A7 


mL 

iBm 

0 

0 

0 

0 


Indicates active interrupt input number (binary 0 to 7). 



Bits indicated by Ax (x=4to 7) arethe same as programmed 
into the Control Register. All other bits are generated by the 
PIC. 


REGISTER ADDRESSES 

In order to read/write or obtain an interrupt vectorfrom any 
PIC in the system, ail chip selects (CS/Ax, CS/Ay, CS, CS) 
must be valid during TPA. 


CS/Ax and CS/Ay are multiplexed addresses; both must be 
high during TPA, and set according to this table during TPB 
to access the proper register. 


CS/Ax 

CS/Ay 

RD 

WR 

ACTION TAKEN 

1 

0 

0 

1 

READ Long Branch instruction and vector for highest priority unmasked 
interrupt pending. 

1 

0 

1 

0 

WRITE to Page Register 

0 

1 

1 

0 

WRITE to Control Register 

0 

0 

0 

1 

READ Status Register 

0 

0 

1 

0 

WRITE to Mask Register 

0 

1 

0 

1 

READ Polling Register (Used to Identify INTERRUPT source If Polling tech¬ 
nique rather than INTERRUPT service is used.) 

1 

1 

X 

X 

Unused condition 
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PIC Application Examples 

Example l—Single PIC Application 

Fig. 2 shows all the connections required between CPU and 
PIC to handle eight levels of Interrupt control. 



MA7 


MA6 


MAS 


MA4 

CPU 

MWR 


MRD 


TPA 


TPB 


INT 

CDPI802 

BUS 


A 

V 






CS/Ax 

CASC - 

CS/Ay 


CS 


CS 


MWR 

PIC 

■ M^ 


> TPA 


■ TPB 


■ INT 



CDPI877 

> BUS 



• IR7 
-\RS 

- FR5 

- Fr? 

- \W5 
-FFz 
- 1 ^ 

- IRQ 


92 CS- 34376 


Fig. 2 - PIC and CPU connection diagram. 


Programming 

Programming the PIC consists of the following steps: 

1. Disable interrupt at CPU. 

2. Reset Master Interrupt Bit, B3, of Control Register. 

3. Write a “1” into the Interrupt Input bit location of the 
Mask Register, if masking is desired. 

4. Write the High-Order Address byte into the Page 
Register. 

5. Write the Low-Order Address and the vector interval 
into the Control Register. 

6. Program R(1) of the CPU to point to the PIC so that the 
Long Branch instruction can be read from the PIC 
during the Interrupt Service routine. 


Values for Example I with LOCATION 84E0 arbitrarily 
chosen as the Vector Address with interval of eight bytes, 
IR4 pending, is shown in Table I 

In deriving the above addresses, all DON’T CARE bits are 
assumed to be 0. 

When an INTERRUPT {IR4) is received by the CPU, it will 
address the PIC and will branch to the interrupt service 
routine. 

The three bytes generated by the PIC will be: 

1 st Byte=C0H 
2nd Byte=84H 
3rd Byte=E0H 


Table I — Register Address Values 


REGISTER 

REGISTER ADDRESS 

OPERATION 

DATA BYTE 

MASK 

EOOOH 

WRITE 

OOh 

CONTROL 

E040H 

WRITE 

CEh 

PAGE 

E080H 

WRITE 

84h 

STATUS 

EOOOH 

READ 

IOh 

POLLING 

E040H 

READ 

EOH 

R(1) (IN CPU) 

E080H 

- 

— 
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Example II—Multi-PIC Application 

Fig. 3 shows all the connections required between CPU and 
PICs to handle sixteen levels of interrupt control. 



Fig. 3 - PICs and CPU connection diagram. 


Register Address Assignments 

The low-byte register address for any WRITE or READ 
operation is the same as shown In Table I. 

The high-byte register differs for each PIC because of the 
linear addressing technique shown in the example: 

PIC i=iiixxxoi (eih for X=0) 

PIC 2=111XXX10 (E2h for X=0) 

The R(1) vector address is unchanged. This address will 
select both PICs simultaneously (R(1 ).1 =111 XXX00=E0 h)■ 
Internal CDP1877 logic controls which PIC will respond 
when an interrupt request is serviced. 

Additionai PiC Appiication Comments 

The interval select options provide significant flexibility for 
interrupt routine memory allocations: 

■ The 2-byte interval allows one to dedicate a full pageto 
Interrupt servicing, with variable space between 
routines, by specifying indirect vectoring with 2 byte 
short branch instructions on the current page. 

■ The 4-byte interval allows for a 3 byte long branch to 
any location in memory where the interrupt service 


routine is located. The branch can be preceded by a 
Save Instruction to save previous contents of X and P 
on the stack. 

■ The 8-byte and 16-byte Intervals allow enough space to 
perform a service routine without indirect vectoring. 
The amount of interval memory can be increased even 
further If all 8 INTERRUPTS are not required. Thus a 4- 
level Interrupt system could use alternate W Inputs, 
and expand the interval to 16 and 32 bytes, respectively. 

The 4 Chip Selects allow one to conserve total allotted 
memory space to the PIC. For one chip, a total of 4 
address lines could be used to select the device, 
mapping it into as little as 4-K of memory space. Note 
that this selection technique is the only one that allows 
the PIC to work properly In the system: I/O mapping 
cannot be used because the PIC must work within the 
CDP1800 interrupt structure to define the vector 
address. Decoded signals also will not work because 
the chip selects must be valid on the trailing edge of 
TPA. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85° C, Vdd ±5%, tr,tf=20 ns, 
Vih=o.7 Vdd. Vil=o.3 Vdd. Cl= 50 pF 


CHARACTERISTIC 

Vdd 

(V) 

Address to TPA Setup Time t^s 

5 

10 

Address to TPA Hold Time tAH 

5 

10 

Data Valid after TPB tDTPB 

5 

10 

Data Hold Time from Write tnw 

6 

10 

Address to Valid Data Access Time tpR 

5 

10 

Data Setup Time to Write tDSU 

5 

10 

Address Hold from TPB tHTPB 

5 

10 

Minimum MWR Pulse Width tywR 

5 

10 

Minimum IR Pulse Width tj^ 

5 

10 


(DD _ CDP1877 

(V) Min. I Typ.* | Max. | Min. 


6 

4 


6 



130 


Typical values are for 1^=25®C and Vqd ±5%. 



MEMORY ADDRESS I HIGH BYTE I LOW BYTE 


DATA FROM PIC TO BUS 


DATA FROM BUS TO PIC 



•-*DSU**| 
VALID DATA 


Fig. 4 - Timing waveforms for CDP1877. 
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Features 

• Compatible with General Purpose and CDP1800- 
Series Microprocessor Systems 

• Two 16-Bit Down Counters and Two 8-Bit Control 
Registers 

• 5 Modes Inciuding a Versatiie Variabie-Duty Cycie 
Mode 

• Programmable Gate-Level Select 

• Two-Complemented Output Pins for Each Counter- 
Timer 

• Software-Controlled Interrupt Output 

• Addressable in Memory Space or CDP1800-Series I/O 
Space 


Ordering Information 




5V 


Plastic DIP 

-40°C to +85®C 

CDP1878CE 

CDP1878E 

Ceramic DIP 

-40°C to -i-85°C 

CDP1878CD 

CDP1878D 

Burn-In 


CDP1878CDX 

- 


CDP1878 

CDP1878C 

CMOS Dual Counter-Timer 


Description 

The CDP1878 and CDP1878C are dual counter-timers con¬ 
sisting of two 16-bit programmable down counters that are 
Independently controlled by separate control registers. The 
value in the registers determine the mode of operation and 
control functions. Counters and registers are directly addres¬ 
sable In memory space by any general Industry type micro¬ 
processors, in addition to input/output mapping with the 
CDP1800 series microprocessors. 

Each counter-timer can be configured in five modes with the 
additional flexibility of gate-level control. The control regis¬ 
ters in addition to mode formatting, allow software start and 
stop, interrupt enable, and an optional read control that 
allows a stable readout from the counters. Each counter¬ 
timer has software control of a common interrupt output with 
an Interrupt status register indicating which counter-timer 
has timed out. 

In addition to the interrupt output, true and complemented 
outputs are provided for each counter-timer for control of 
peripheral devices. 

The CDP1878 and CDP878C are functionally identical. They 
differ in that the CDP1878 has a recommended operating 
voltage range of 4 to 10.5 volts, and the CDP1878C has a 
recommended operating voltage range of 4 volts to 6.5 volts. 
These types are supplied in 28-lead dual-in-line ceramic 
packages (D suffix), and 28-lead dual-in-line plastic pack¬ 
ages (E suffix). 


Pinout 



28 LEAD DIP 



TOP VIEW 


Tnt [T 


H Vdd 

TAoH 


13 DB7 

1^[I 


H DB6 

tagCi 


H DBS 

taclU 


H DB4 

rdH 


H DB3 

1-0/^^ [7 


H DB2 

TPB/^[i 


13 DB1 

tpaH 


13 DBO 

CsEo 


l3 TBO 

AoEi 


l3 TBO 

aiQI 


3 TBd 

A2[i3 


li TBCL 

Vsslli 


H RESET 


TABLE 1. MODE DESCRIPTION 
MODE FUNCTION APPLICATION 

1 Timeout Outputs change when clock Event counter 

decrements counter to “0” 

2 Timeout Strobe One clockwide output pulse when Trigger pulse 

clock decrements counter to “0" 

3 Gate-Controlled Outputs change when clock Time-delay 

One Shot decrements counter to “0". generation 

Retriggerable 

4 Rate Generator Repetitive clockwide output pulse Time-base 

generator 


5 Variable-Duty Repetitive output with Motor control 

Cycle programmed duty cycle 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 ^ 


File Number 1341.1 




































Specifications CDP1878, CDP1878C 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vdd): 

(All Voltages Referenced to Vss Terminal) 
CDP1878. 

.-0.5V to-1-1IV 

Device Dissipation Per Output Transistor 

Ta = Full Package Temperature Range 
(All Package Types). 

.lOOmW 

CDP1878C. 

.-0.5V to +1M 

Operating Temperature Range (Ta); 


Input Voltage Range, All Inputs. 

..-0.5V to Vdd +0.5V 

Package Type D. 

. -55°C to -i-125°C 

DC Input Current, Any One Input. 

.-i-IOmA 

Package Type E. 

.. ^0°C to -i-85°C 

Power Dissipation Per Package (Pd) 


Storage Temperature Range (Tg^g). 

. -65°C to +150°C 

Ta = -40°C to -i-60°C (Package Type E)... 

. 500mW 

Lead Temperature (During Soldering); 


Ta = -»-60°C to -»-85°C (Package Type E)... 

... Derate Linearly at 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 



12mW/°C to 200mW 

from case for 10s max. 

. +265°C 

Ta - -55°C to +100°C (Package Type D). 500mW 

Ta = -i-100°C to -h125°C (Package Type D)-Derate Linearly at 

12mW/°C to 200mW 

Recommended Operating Conditions At Ta = Full Package Temperature Range.For maximum reliability, operating conditions 


should be selected so that operation is always within the following ranges; 



CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 


Maximum Clock Input Rise or Fall Time 


Minimum Clock Pulse Width 


Maximum Clock Input Frequency 


Static Electrical Characteristics At Ta = -40°c to +85°c, vdd ± 5% Except as Noted; 



CHARACTERISTIC 


Quiescent Device 
Current 


Output Low Drive 
(Sink) Current 


Output High Drive 
(Source) Current 


Output Voltage 
Low-Level (Note 2) 


Output Voltage 
High-Level (Note 2) 


Input Low Voltage 



CONDITIONS 




(Note 1) 

TYP MAX 


.01 50 


200 


CDP1878C 

MIN 

(Note 1) 

TYP 

MAX 


.02 200 I pA 


pA 


1.6 I 3.2 


2.6 I 5.2 


-1.15 I -2.3 


- 2.6 


1.6 3.2 


-1.15 -2.3 


0 0.1 


5 


9.9 I 10 


Input High Voltage 


Input Leakage Current 


Operating Current 
(Note 3) 


Input Capacitance 


Output Capacitance 


NOTES; 

1. Typical values are for Ta = +25°C and nominal V^q. 
2- Iql = 'oh = 


3. Operating current measured at 200kHz for Vqq = 5V and 400kHz 
for Vdd = '•OV, with open outputs (worst-case frequencies for 
CDP1802A system operating at maximum speed of 3.2MHz). 
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mm 


TERMINAL 

USAGE 

TERMINAL 

USAGE 

VdD-VsS 

DB0-DB7 

Power 

Data to and from device 

CS 

Active high input that enables device 

tpb/wr, ra 

Directional control signals 

I NT 

Low when counter is "0” 

AO. A1, A2 

Addresses that select counters 

RESET 

When active, TAD, TBG are low. 

TACL, TBCL 

or registers 

Clocks used to decrement counters 


T^, TBG are high. Interrupt status 
register is cleared 

TAG, TBG 

Gate inputs that control counters 

l-G/MEM 

Tied high in CDP1800 Input/output 

TAG, TAG 

Complemented outputs of Timer A 


mode, otherwise tied low 

TBG,TBG 
TPA 

Complemented outputs of Timer B 

Used with CDP1800-series processors, 
tied high otherwise 
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REGISTER TRUTH TABLE 


I ADDRESS 

ACTIVE 

REGISTER OPERATION 

A2 

A1 

AO 

TPB/WR 

“rd 

1 

1 

0 

X 


Write Counter A MSB 

1 

1 

0 


X 

Read Counter A MSB 

0 

1 

0 

X 


Write Counter A LSB 

0 

1 

0 


X 

Read Counter A LSB 

1 

0 

0 

X 


Control Register A 

1 

1 

1 

X 


Write Counter B MSB 

1 

1 

1 


X 

Read Counter B MSB 

0 

1 

1 

X 


Write Counter B LSB 

0 

1 

1 


X 

Read Counter B LSB 

1 

0 

1 

X 


Control Register B 

1 

0 

0 


X 

Interrupt Status Register 

1 

0 

1 


X 

0 

0 

0 



Not Used 

0 

0 

1 



Not Used 


PROGRAMMING MODEL 
Counter A Registers 


BUS 7 BUSO 


I I I i 1 I I 

CONTROL REGISTER 

_^ l_l 1 L 1 1 

] 


WRITE ONLY 


^ rn ^ ! 1 ^ 

HOLDING register LSB 

1 1 1 1 1 1 1 


^ n i 1 1 ! 

JAM REGISTER LSB 

1 1 1 1 1 1 1 

READ ONLY 


WRITE ONLY 

— 1 — I— I—r-n—^— 1 — 

HOLDING REGISTER MSB 

_J_1_J_ L_J _1_1_ 


1 1 \ 1 i 1 1 

JAM REGISTER MSB 

1 1 1 1 1 1 i . 


Counter B Registers 


BUS 7 BUSO 

^—I—I—I— 
CONTROL REGISTER 

-1- \ _I_I_I_ I I 

WRITE ONLY 


—I r I I rn i 

HOLDING REGISTER LSB 

_^_L_L_J_L_J_L_ 

READ ONLY 

-1-1-1-1-1—I-1— 

HOLDING REGISTER MSB 

I I I I I I ] _ 


“I—I— \ — \ —I—I—r 

JAM REGISTER LSB 

J_I_L_J_LJ_L 

WRITE ONLY 

1—I— \ —I—I—I—r 

JAM REGISTER MSB 

1. 1 1 I I I I 


Interrupt Status Register 

BUS 7 BUS 0 

X X 

0 0 0 0 0 0 

TIMER A-^ 

TIMER B- 

READ ONLY 
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Functional Description—See Fig. 1 

The dual counter-timer consists of two programmable 16- 
bit down counters, separately addressable and controlled 
by two independent 8-bit control registers. The word in the 
control register determines the mode and type of operation 
that the counter-timer performs. Writing to or reading from 
a counter or register is enabled by selective addressing 
during a write or read cycle. The data is placed on the data 
bus by the microprocessor during the write cycle or read 
from the counter during the read cycle. Data to and from 
the counters and to the control registers is in binary format. 

Each counter-timer consists of three parts. The first is the 
counter itself, a 16-bit down counter that is decremented on 
the trailing edge of the clock input. The second is the jam 
register that receives the data when the counter is written 
to. The word in the control register determines when the 
jam register value is placed into the counter. The third part 
is the holding register that places the counter value on the 
data bus when the counter is read. 

When the counter has decremented to zero, three events 
occur. The first involves the common interrupt output pin 
that, if enabled, becomes active low. The second Is the 
setting of a bit in the interrupt status register. This register 
can be read to determine which counter-timer has timed 
out. The third event is the logic change of the complementecf 
output pins. 

In addition to the clock input used to decrement the 
counter, a gate input is available to enable or Initiate 
operation. The counter-timers are independent and can 
have different mode operations. 

Write Operation 

The counters and registers are separately addressable and 
are programmed via the data bus when the chip is selected 
with the TPB/WR pin active. Normal sequencing requires 
that the counter jam register be loaded first with the 
required value (most significant and least significant byte 

Control Register 


in any order), and then the control register be accessed and 
loaded with the control word. The trailing edge of the 
TPB/WR pulse will latch the control word into the control 
register. The trailing edge of the first clock to occur with 
gate valid will cause the counter to be jammed with its initial 
value. The counter will decrement on the trailing edge of 
succeeding clocks as long as the gate is valid, until it 
reaches zero. The output levels will then change, and if 
enabled, the interrupt output will become active and the 
appropriate timer bit will be set in the interrupt status 
register. The interrupt output and the interrupt status 
register can becleared (to their inactiv e sta te) by addressing 
the control register with the TPB/WR line active. For 
example, if counter A times out, control register A must be 
accessed to reset the interrupt output high and reset the 
timer A bit in the status register low. Timer B bit in the status 
register will be unaffected. 

Read Operation 

Each counter has a holding register that is continuously 
being updated by the counter and is accessed when the 
counter is addressed during read cycles. Counter reads are 
accomplished by halting the holding register and then 
reading it, or by reading the holding register directly. If the 
holding register is read directly, data will appear on the bus 
if the counters are addressed with the RD line active. 
However, if the clock decrements the counter between the 
two read operations (most and least significant byte), an 
inaccurate value will be read. To preclude this from 
happening, writing a “1 ” into bit 6 of the control register and 
then addressing and reading the counter will result in a 
stable reading. This operation prevents the holding register 
from being updated by the counter and does not affect the 
counter’s operation. 

The interrupt status register is read by addressing either 
control register with the RD line active. A “1” in bit 7 
indicates Timer A has timed out and a “1” in bit 6 indicates 
Timer B has timed out. Bits 0-5 are zeros. 


Jam Enable 
1=Enabled 
0=Disabled 


Holding Register Control 
1=Freeze Holding Register - 
0= Update Continuously 


Start/Stop Control 
1=Start Counter 
0=Stop Counter 


A I ' ♦ ' 

Gate Level Select 
L- 1=Positive (High) 
0=Negative (Low) 


Interrupt Enable 
- 1=Enabled 
O^Disabled 


Mode Select 
001=Model 
010-Mode 2 I 
*011=Mode3 
100=Mode 4 
101=Mode5 
•Plus Bit 7=0 


Bits 0,1 and 2 — Mode Selects—See Mode Timing Diagrams (Figs. 2, 3, 4, 5 and 6). 



Bit? 

Bit 2 

Bit 1 

BitO 

Mode 1 — Timeout 

— 

0 

0 

1 

Mode 2 — Timeout Strobe 

— 

0 

1 

0 

Mode 3 — Gate Controlled One Shot 

0 

0 

1 

1 

Mode 4 — Rate Generator 

— 

1 

0 

0 

Mode 5 — Variable-Duty Cycle 

— 

1 

0 

1 

No Mode selected. Counter outputs unaffected 

- 

0 

0 

0 


Note: When selectin g a m ode, the t imer outputs TAO and 
TBO are set low, and TAO and TBO are set high. If bits 0,1 
and 2 are all zero’s when the control register is loaded, no 


mode is selected, and the counter-timer outputs are 
unaffected. Issuing mode 6 will cause an indeterminate 
condition of the counter, issuing mode 7 is equivalent to 
issuing mode 5. 
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Bit 3—Gate level select—All modes require an enabling 
signal on the gate to allow counter operation. This enabling 
signal is either a level or a pulse (edge). Positive gate level 
or edge enabling is selected by writing a “1” into this bit and 
negative (low) enabling is selected when bit 3 is “0". 

Bit 4 —Interrupt enable—Setting this bit to “1” enables the 
INT output, and setting it to “0” disables it When reset, the 
INT output is at a high level. If the interrupt enable bit in the 
control register is enabled and the counter decrements to 
zero, the INT output will go low and will not return high until 
the counter-timer is reset or the selected control register is 
written to Example: If timer B times out, control register B 
must be accessed to reset the INT output high. If the 
interrupt enable bit is set to “0”, the counter’s timeout will 
have no effect on the INT output. 

In mode 5, the variable-duty cycle mode, the INT pin will 
become active low when the MSB in the counter has 
decremented to zero. 

Bit 5—Start/stop control—This bit controls the clock input 
to the counter and must be set to “1” to enable it. Writing a 
“0” into this location will halt operation of the counter. 
Operation will not resume until the bit is set to “1” 

Bit 6—Holding register control—Since the counter may be 
decrementing during a read cycle, writing a “1” into this 
location will hold a stable value in the hold register for 


subsequent read operations. Rewriting a “1" into bit 6 will 
cause an update in the holding register on the next trailing 
clock edge. If this location contains a “0”, the holding 
register will be updated continuously by the value In the 
counter. 

Bit 7—Jam enable—When this bit is set to “1 ’’during a write 
to the control register, the 16-bit value In the jam register 
will be av aila ble to the counter; TAO and TBO are reset low 
and TAO and TBO are set high. On the trailing edge of the 
first input clock signal with the gate valid this value will be 
latched in the counter, th e co unter outp uts TAO and TBO 
will be set high and the TAO and TBO will be reset low. 
Setting bit 7 to "0” will leave the counter value unaffected. 
This location should be set to "0” any time a write to the 
control register must be performed without changing the 
present counter value. If the value in the jam register has not 
been changed, writing a “1 ” into bit 7 of the control register 
with zeros in bits 0, 1, and 2 (mode select) will reload the 
counter with the old value and leave the mode unchanged. If 
the value in the jam register is changed, then the next write 
to the control register (with bit 7 a “1”) must include a valid 
mode select (i.e., at least 1 of the bitsO, 1, or 2 must be a "1”). 

In mode 3, the hardware start is enabled by writing a “0” Into 
bit 7 If a “1” is written to bit 7, the timeout will start 
immediately and mode 3 will resemble mode 1. 


MODE DESCRIPTIONS 


Mode 


Timeout 


Control Register 


X 

X 

X 

X 

X 

0 

0 

3 


Gate Control 


Selectable 
High or Low Level 
Enables Operation 


BUS 7 


BUSO 


Model: 

After the count is loaded into the jam register and the 
control register is written to with the jam-enable bit high on 
the trailing edg e of t he first clock after the gate is valid, TXO 
goes high and TXO goes low. The input clock decrements 
the counter as long as the gate rema ins valid. When it 
reaches zero, TXO goes low and TXO goes high, and if 


enabled, the interrupt output is set low. Writing to the 
counter while it is decrementing has no effect on the 
counter value unless the control register is subsequently 
written to with the jam-enable bit high. After timeout the 
counter remains at FFFF unless reloaded. 
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Mode 2: _ 

Operation of this mode Is the same as mode 1, except the return to the condition of TXO high and TXO low, and the 

outputs will change for one clock period only and then counter is reloaded. 


COUNTER VALUE 3 I 0 3 3 2 I 



MODE SELECTS=0 

Fig. 3 - Timeout strobe {mode 2) timing waveforms. 



Mode 3: 

After the jam register is loaded with the required value, the retriggerable: While the counter is decrementing, a gate 

gate edge will initiate this mode. TXO will be set high, and edge or write to the control register with the jam-enable bit 

T)^(5 will be set low. The clock will decrement the c ounter. high, will load the counter with the jam register value and 

When zero is reached, TXO will go low and TXO will be restart the one-shot operation, 

high, and the Interrupt output will be set low. The counter is 


COUNTER VALUE 3 2 I 0 3 3 2 



92CM-34630R2 


Fig. 4 - Gate controlled one-shot {mode 3) timing waveforms. 
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CDP1878, CDP1878C 


Mode 


Control Register 


Gate Control 


Rate Generator 


Q 

0 

0 

0 

0 

0 

0 

0 


Selectable 
High or Low Level 
Enables Operation 


BUS 7 


BUSO 


Mode 4: 

A repetitive clock-wide output pulse will be output, with the 
time between pulses equal to the counter’s value, (trailing 
edge to leading edge). This model is software started with a 
write to the control register if the gate level is valid If the 
counter is written to while decrementing, the new value will 

COUNTER VALUE 3 2 I 


not affect the counter’s operation until the present timeout 
has concluded, unless the control register is written to with 
the jam-enable bit high If the gate input (TAG or TBG) is 
used to start this mode. The first cycle following the gate 
going true is indeterminate. 

0 3 2 1 0 3 N 



LOAD COUNT = 3 

Fig. 5 - Rate generators {mode 4) timing waveforms. 


Mode 


Control Register 


Gate Control 


Variable Duty Cycle 


R 

X 

X 

0 

0 

1 

0 

0 


BUS 7 


BUSO 


Selectable 
High or Low Level 
Enables Operation 



Mode 5: 

After the mode is initiated, the outputs will remain at one 
level until the clock decrements the least significant byte of 
the counter to N+1. The outputs will then change level and 
the counter decrements the most significant byte to N+1. 
The process will then repeat, resulting in a repetitive output 


with a duty cycle directly controlled by the value in the 
counter. The output period will be equal to LSB+MSB+2. 

The interrupt output will become active after the MSB is 
loaded into the counter and decrements to zero. 


COUNTER VALUE 


2 


0 I 0 2 


0 I 




Fig. 6 - Variable-duty cycle {mode 5) timing waveforms. 

Note: 

In order to avoid unwanted starts when selecting mode 3 or 
4, the gate signal must be set to the opposite level that will 
be programmed. 
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CDP1878, CDP1878C 


Setting the Control Register 


Function Pin Definition 


The following will illustrate a counter write and subsequent 
reads that places stable, accurate values on the data bus 
from the counter-timer. 

The counter is addressed and the required values are 
loaded with a write operation. The control register is 
addressed next and loaded with B9H. 


BUS 7 


BUSO 


nh I 


Load counter with 
Jam register 


Holding register continuously 
updated by counter 


A Cor 
L Mode 1 


Control Register=B9H 
selected 


. Positive gate enabling 
required 


- Interrupt output enabled 


The counter will now decrement with each input clock pulse 
while the gate is valid Assuming the counter has not 
decremented to zero and its value is to be read without 
affecting the counter’s operation, a write to the control 
register is performed. 78H is loaded into the control 
register. 


BUS 7 


BUS 0 



Counter value 
unaffected 


t 

Unchanged 


Control register 78H 


Counter outputs unaffected 


Freeze holding register 


The counter is addressed and read operations are per¬ 
formed. 


DB7-DB0—8-bit bidirectional bus used to transfer binary 
information between the microprocessor and the dual 
counter-timer. 

Vdd. VsS —Power and ground for device. 

AO, A1, and A2—Addresses used to select counters or 
registers._ 

TPB/WR, RD—Directional signals that determine whether 
data will be placed on the bus from a counter or the 
interrupt status register (RH active) (memory mapped), or 
data on the bus will be placed into a counter or control 
register (TPB/WR active). The following connections are 
required between the microprocessor and the counter¬ 
timer In the CDP1800-series input/output mapping mode. 


Microprocessor 

TPB 

TPA 


Counter-Timer 

■rd 

TPB/WR 

TPA 


N Lines Address Lines 

and \-0/TMa to Vdd- 

During an output instruction, data from the memory is 
strobed into the counter-timer during TPB when RD is 
active, and latched on TPB’s trailing edge. Data is read from 
the counter-timer when Rd” is not active between the 
trailing edges of TPA and TPB. (See Figs. 10, 11, and 12.) 


TACL, TBCL—Clocks used to decrement the counter. 
TAG, TBG —Gate inputs used to control counter. 

TAG, TAP —Complemented outputs of Timer A. 

TBO , TBO—Complemented outputs of Timer B. 

INT—Common interrupt output. Active when counter 
decrem ents to zero. 

RESET—Active low s ignal that resets counter outputs 
(TAO, TBO low, TAO, TBO high). The interrupt output is 
set h igh a nd the status register is cleared. 

I-O/MEM—Tied high in CDP1800-series input/output mode, 
otherwise tied low. 

TPA—Tied to TPA of the CDP1800-series microprocessors. 
During memory mapping, it is used to latch the high order 
address bit for the chip select. In the CDP1800 input/output 
mode, it is used to gate the N lines. When the counter-timer 
is used with other microprocessors, or when the high order 
address of the CDP1800-series microprocessors is ex¬ 
ternally latched, it is connected to Vdd- 
CS—An active high signal that enables the device. 
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Fig. 7 - Typical CDP1802 memory-mapped system. 


TPA 


LATCH HI-ORDER 
T^address for CS 


ADDRESS 


HI- BYTE 


LOW BYTE 


DATA FROM CPU 
TO COUNTER-TIMER 




DATA LATCHED 









92CS-34634 


Fig. 8 - CDP1800-series memory-mapping write cycle timing waveforms. 


TPA 


ADDRESS 


H 


I-BYTE 


LOW BYTE 


RD 


J 


OUTPUT DRIVERS 
V- ENABLED DISABLED 


DATA FROM . 
COUNTER-TIMER 
TO CPU 



VALID DATA 




92CS-34635 


Fig. 9 - CDPWOO-series memory-mapping read cycle timing waveforms. 
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CDP1878, CDP1878C 



Fig. 10- Typical CD PI802 input/output-mapped system. 
TPA 


RD 



TPB/WR 


DATA FROM MEMORY 
TO COUNTER-TIMER 



DATA 


LATCHED 


92CM- 34637 

Fig. 11 - CDP1800-series input/output-mapping timing waveforms with output instruction. 
- rv OUTPUT DRIVERS ENABLED 



TPB/WR 


rt 


OUTPUT DRIVERS 


DISABLED 


N LINES 


92CM-34638 

Fig. 12 - CDP1800-series input/output-mapping timing waveforms with input instruction. 


DATA FROM 
COUNTER-TIMER 
TO MEMORY 
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CDP1878, CDP1878C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=- 40 to +85® C, Vdd= 5 V ± 5®/o, 
Input tr,tf=10 ns; Cl= 50 pF and 1 TTL Load 


CHARACTERISTIC 
Read Cycle Times (see Fig. 13) 


LIMITS T 

Mln.t 

Typ.* 

Max. 


UNITS 


Data Access from Address 

tDA 

— 

350 

— 

Read Pulse Width 

<RD 

400 

— 

— 

Data Access from Read 

^DR 

— 

250 

— 


tRH 

0 

— 

— 

Output Hold after Read 

tDH 

50 

— 

— 

Chip Select Setup to TPA 

tcs 

50 

- 

- 


tjime required by a limit device to allow for the indicated function. 
•Typical values are for 7^=25°C and nominal Vdd 



Fig. 13 - Read cycle timing waveforms. 
























CDP1878, CDP1878C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=- 40 to +85° C, Vdd= 5 V ± 5%, 
Input tr,t|=10 ns; Cl= 50 pF and 1 TTL Load 


CHARACTERISTIC 

LIMITS 

UNITS 

Mln.t I Typ.* I Max. 

Write Cycle Times (see Fig. 14) 


Address Setup to Write 

tAS 

150 

— 

— 

Write Pulse Width 

tWR 

150 

— 

— 

Data Setup to Write 

tDS 

200 

— 

— 

Address Hold after Write 

tAH 

50 

— 

— 

Data Hold after Write 

‘WH 

50 

— 

— 

Chip Select Setup to TPA 

tcs 

50 

- 

- 


tTime required by a limit device to allow for the indicated function 
•Typical values are for 1^=25® C and nominal Vdq. 







— 

T 

o 

♦ah ^ 


ADDRESS/CHIP SELECT ^ 

/ 

\_1 

) 

/ 

V 


k- 

^AS *4^ ^WR ^ 




WRITE 


X 


X 

1 _/ 


DATA TO COUNTER TIMER 




^ WH 
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Fig. 14- Write cycle timing waveforms. 
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Features 

• CPU Interface for Use with General-Purpose Microprocessors 

• Time Of Day/Caiendar 

• Reads Seconds, Minutes, Hours 

• Reads Day of Month and Month 

• Alarm Circuit With Seconds, Minutes or Hours Operation 

• Power Down Mode 

• Separate Clock Output Selects 1 of 15 Square Wave Signals 

• interrupt Output Activated By Clock Output and/or Alarm Circuit 

• Date Integrity Sampling for Clock Rollover Eliminated 

• On-Board Oscillator: 

- Crystal Operation CDP1879 at 10V.4.19MHz, 

2.09MHz or 1.048MHz 

- Crystal Operation CDP1879C-1 at 5V.4.19MHz, 

2.09MHz or 1.048 or 32kHz 

- External Clock Operation at 10V or 5V.4.19MHz, 

2.09MHz 1.048MHz or 32kHz 

• Addressable in Memory Space or CDP1800 Series I/O Mode 

• Low Standby (Timekeeping) Voltage with External Clock 


Ordering Information 


Plastic DIP 

-40°C to +85°C 

CDP1879CE1 

Ceramic DIP 

-40°C to +85°C 

CDP1879CD1 

Bum-in 


CDP1879CD1X 



Description 

The CDP1879 real-time clock supplies time and calendar 
information from seconds to months in BCD format. It 
consists of 5 separately addressable and programmable 
counters that divide down an oscillator input. The clock input 
can have any one of 4 possible frequencies, allowing 
flexibility in the choice of crystal or external clock sources. 
Using an external 32kHz clock source, timekeeping can be 
performed down to 2.5V (see Standby (Timekeeping) 
Voltage Operation). 

The device can be memory-mapped for use with any gen¬ 
eral-purpose microprocessor and has the additional capabil¬ 
ity of operating in the CDP1800 series input/output mode. 
The real-time clock functions as a time-of-day/calendar with 
an alarm capability that can be set for combinations of 
seconds, minutes or hours. Alarm time is configured by 
loading alarm latches that activate an interrupt output 
through a comparator when the counter and alarm latch 
values are equal. 

Fifteen selectable square-wave signals are available as a 
separate clock output signal and can also activate the 
interrupt output. A status register is available to indicate the 
interrupt source. The value in an 8 bit control register 
determines the operational characteristics of the device, by 
selecting the prescaler divisor and the clock output, and 
controls the load and alarm functions. 

A transparent “freeze” circuit preclude clock rollover during 
counter and latch access times to assure stable and 
accurate values In the counters and alarm latches. 

The CDP1879 is functionally Identical to the CDP1879C-1. 
The CDP1879 has a recommended operating voltage range 
of 4V to 10.5V, and the CDP1879C-1 has a recommended 
operating voltage range of 4V to 6.5V. The CDP1879 and the 
CDP1879C-1 are supplied in 24 lead hermetic dual-in-line 
side-brazed ceramic packages (D suffix) and 24 lead dual-in¬ 
line plastic packages (E suffix). 



CDP1879 Modes of Operation 



1. Seconds, minutes, hours, date and month counters 

2. Status register to Identify interrupt source 


1. Control register to set device operation 

2. Seconds, minutes, hours, date and month counters 

3. Alarm latches for alarm time 


1. Tri-state interrupt output with active alarm or clock out circuitry 
for wake-up control 

2. Data bus and address inputs are “DON’T CARE” 


1. Clock out as source 

2. Alarm time as source 

3. Either interrupt can occur during normal or power down mode 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C Handling Procedures. 
Copyright © Harris Corporation 1992 


File Number 1360.1 
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CDP1879, CDP1879C-1 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss Terminal) 

CDP1879. 

CDP1879C-1 . 

INPUT VOLTAGE RANGE, ALL INPUTS. 

DC INPUT CURRENT, ANY ONE INPUT. 

POWER DISSIPATION PER PACKAGE (Po); 

For Ta = -40 to +60®C (PACKAGE TYPE E). 

For Ta = +60 to +85® C (PACKAGE TYPE E). 

For Ta = -55 to +100®C (PACKAGE TYPE D). 

ForTA= +100 to +125® C (PACKAGE TYPE D). 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D, H. 

PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE (Tstg) . 

LEAD TEMPERATURE (DURING SOLDERING). 

At distance 1/16 ± 1/32 in. (1 59 ± 0.79 mm) from case for 10 s max 


.-0.5 to +11 V 

.-0.5 to +7 V 

.-0.5 to Vdd +0.5 V 

.±10 mA 

. 500 mW 

Derate Linearly at 12 mW/®C to 200 mW 

. 500 mW 

Derate Linearly at 12 mW/®C to 200 mW 

.40 mW 

.-55 to+125® C 

.-40 to -"85®C 

.-65 to +150® C 

. +265®C 


OPERATING CONDITIONS at Ta=FuII Package-Temperature Range, unless otherwise noted. 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

CDP1879 

CDP1879C-1 

Min. 

Max. 

Min. 

Max. 

DC Operating Voltage Range 

4 

10.5 

4 

6.5 

V 

Input Voltage Range 

Vss 

Vdd 

Vss 

Vdd 

DC Standby (Timekeeping) Voltage* Vstby 

Ta = -40° to +85° Ct 

3 

_ 

3 

_ 

V 

Ta = 0° to +70° C 

2.5 

— 

2.5 

— 

Clock Input Rise or Fall Time L.tf 

Vdd = 5 V 

_ 

10 

_ 

10 

fJS 

Vdd = 10 V 

— 

1 

— 

— 


•Timekeeping function only, no READ/WRITE accesses, 32-kHz external frequency source only, 
no crystal operation. 

tSee Standby (Timekeeping) Voltage Operation, Page 11. 
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CDP1879, CDP1879C-1 


FREEZE 

CIRCUIT 


^ XTAL 


^XTAL 

OSCILLATOR 


,CLOCK OUT 


VOD 

Vss 


CLOCK 

AND 

INT 

LOGIC 


o 


CONTROL 

REGISTER 


PRESCALE 

CLOCK 

SELECT 

SELECT 




INT STATUS 
REGISTER 


AM-PM AND 
HOUR 
LOGIC 









HOUR 





8-BIT DATA BUS 






COMPARATOR 

SECOND 

LATCH 

— 

MINUTE 

LATCH 

— 1 

HOUR 

LATCH 




CALENDAR 

LOGIC 


DAY 


MONTH 



I 

I 

I 

I 



92CL-349I2 


Fig. 1 - Real-time clock functional diagram. 


TABLE I 


Control Register Bit Assignment 

Bit 1, 0 

Frequency 00 

32768 Hz 

Select 01 

1.048576 MHz 

10 

2.097152 MHz 

11 

4.194304 MHz 

Bit 2 

Start/Stop 

Bit 3 

Counter/Latch Control 

1 = Start 

0 = Stop 

"0” = Write to counter 
disable alarm 

and 

“1” = Write to & enable alarm 

Clock Select 

Bits 7, 6, 5, 4 

0000 — disable fjs 

1000 — 62.5 ms 

0001 — 488.2 fjs 

1001 — 125 ms 

0010 — 976.5 fJS 

1010 — 250 ms 

0011 — 1953.1 yus 

1011 — 500 ms 

0100 — 3906.2 fjs 

1100 — sec. 

0101 — 7812.5 fJS 

1101 — min. 

0110 — 15.625 ms 

1110 — hour 

0111 — 31.25 ms 

1111 — day 


TABLE II 


Addresses 

A2 

A1 

AO 

Latch, Counter Seconds 

0 

1 

0 

Latch, Counter Minutes 

0 

1 

1 

Latch, Counter Hours 

1 

0 

0 

Counter, Day 

1 

0 

1 

Counter, Month 

1 

1 

0 

Control, Register 

1 

1 

1 

Status Register 

1 

1 

1 


MSB of hours counters (Bit 7) is an AM-PM bit. 0 = AM; 

1 = PM. _ 

Bit 6 of hours counter controls 12/24 hr. 1 = 12 hr: 

0 = 24 hr. _ 

Status Register: Bit 7 MSB = alarm 

Interrupt Source: Bit 6 = clock _ 

MSB of Month Counter (Bit 7) is a Leap Year Bit 0 = No, 
1 = Yes. 
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Specifications CDP1879, CDP1879C-1 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C Vdd ± 5%, Except as noted 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 




CDP1879 

CDP1879C-1 

Min. 

Typ.» 

Max. 

Min. 

Typ.« 

Max. 





5 

— 

0.01 

50 

— 

0.02 

200 

fjA 





10 

— 

1 

200 

— 

— 

— 

//M 

Output Low Drive (Sink) 


0.4 

0, 5 

5 

1.8 

4 

— 

— 

— 

— 


Current, Data Bus & INT 

lOL 


0, 10 

10 

3.6 

7 

— 

— 

— 

— 


Output High Drive (Source) 


MjW 

0, 5 

5 

-1.1 


— 

-1.1 


■9I 


Current, Data Bus & INT 




10 

-2.6 

-4.4 

— 

— 

— 



Output Low Drive (Sink) 


0.4 

0, 5 

5 

0.6 

1.4 

— 

0.6 

1.4 



Current, Clock Out 


0.5 


10 

1.2 

3 

— 

— 




Output High Drive (Source) 


4.6 

EEI 

5 

-1.1 

-2.3 

— 

-1.1 

-2.3 

— 

Current, Clock Out 

lOH 

9.5 

0, 10 

10 

-2.6 

-4.4 

— 

— 

— 

— 




0.4 


5 

0.2 

0.9 


0.2 

0.9 

— 







0.4 

2 

_ 

— 

— 

— 




4.6 

0. 5 

5 





-0.4 

— 


Current, XTAL Out 

lOH 

9.5 

0, 10 

10 

-0.3 

-0.7 

— 

— 

— 

— 


Output Voltage 


— 

0, 5 

5 

— 

0 

0.1 

- 




Low-Level 

VOLt 

— 

0, 10 

10 

— 

0 

0.1 

— 




Output Voltage 


— 


5 

4.9 

5 

— 


5 

- 


High Level 

VOH:|: 

— 

0, 10 

10 

9.9 

10 

— 

■■ 

— 

— 




0.5,4.5 

_ 


_ 

_ 


■■■■in 

_ 

1.5 

V 

Input Low Voltage 

VIL 

0.5,9.5 

— 


— 

— 


WjKM 

— 

— 




0.5,4.5 

_ 

5 

3.5 

_ 

_ 

3.5 

_ 

_ 


Input High Voltage 

VIH 

0.5,9.5 

— 

10 

7 

— 

— 

— 

— 

— 


Input Leakage Current 

IlN 

Any 

0, 5 

5 

— 

— 

±1 

— 

— 

±1 




Input 

0, 10 

10 

— 

— 

±2 

— 

— 

— 

/iA 

3-State Output 


0, 5 

0,5 

5 

— 

— 

±1 

— 

— 

±1 

Leakage Current 

lOUT 

0, 10 

0, 10 

10 

— 

— 

±1 

— 

— 

— 


Operating Current * 












External Clock 32 kHz 


— 

— 

5 

— 

0.01 

0.15 

— 

0.01 

0.15 


1 MHz 

— 

— 

5 

— 

0.2 

1 

— 

0.2 

1 


2 MHz 

— 

— 

5 

— 

0.35 

1.5 

— 

0.35 

1.5 


4 MHz 

— 

— 

5 

— 

0.7 

2 

— 

0.7 

2 


32 kHz 

— 

— 

10 

— 

0.03 

0.25 

— 

— 

— 


1 MHz 

— 

— 

10 

— 

0.4 

2 

— 

— 

— 


2 MHz 

— 

— 

10 

— 

0.8 

3 

— 

— 

— 


4 MHz 

— 

— 

10 

— 

1.6 

4.5 

— 

— 

— 

mA 

XTAL Oscillator** 32 kHz 

— 

— 

5 


0.1 

0.25 

— 

0.1 

0.25 


1 MHz 

— 

— 

5 


0.3 

0.5 

— 

0.3 

0.5 


2 MHz 

— 

— 

5 

— 

0.4 

0.6 

— 

0.4 

0.6 


4 MHz 

— 

— 

5 

— 

0.6 

0.8 

— 

0.6 

0.8 


1 MHz 

— 

— 

10 

— 

1.6 

3 

— 

— 

— 


2 MHz 

— 

— 

10 

— 

1.8 

3.5 

— 

— 

— 


4 MHz 

— 

— 

10 

— 

2 

5 

— 

— 

— 


Input Capacitance 

CIN 

— 

— 

— 

— 

5 

7.5 

— 

5 

7.5 

PF 

Output Capacitance 

COUT 

— 

— 

— 

— 

10 

15 

— 

10 

15 

Maximum Clock Rise 

tr,tf 

— 

— 

5 

— 

— 

10 

— 

— 

10 


and Fall Times 


_ZI_i 

- 

10 

- 

- 

1 

- 

- 

- 

f/S 


•Typical values are for TA = 25° C and nominal Vdd- ‘Operating current measured with clockout = 488.2 fjs and no load; 

+IOL = lOH = 1 //A. ** Table III and Fig 6 for oscillator circuit information. 
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CDP1879, CDP1879C-1 

PROGRAMMING MODEL 


WRITE AND READ REGISTERS 


WRITE ONLY REGISTERS 


BCD FORMAT 

DB7 


DBO 


TENS 0-5 


_L 


UNITS 0-9 

J_^_L 


SECONDS COUNTER (00-59) 
DB7 


DBO 


1-[ 

1 

1_1 

-^^-f 

TENS 0-5 1 

,_^^_ 1 

n -^- 1 - 1 

UNITS 0-9 

_^_1 

MINUTES COUNTER (00-59) 

DB7 

DB6 


DBO 

X 

X 

I 

TENS 

1 1 1 

UNITS 0-9 

1 


0-2 

1_ ^i 

^ 


HOURS COUNTER (01-12 or 00-23) 
DB7 0=AM, 1=PM 
DB6 0=24 HR, 1 = 12 HR 

DB7 


DBO 


-^ 1 ^ ^ 

TENS 0-3 

_^_^^_, 

-i ^ I-1 

UNITS 0-9 

_^_L 1 1 

DAY OF MONTH COUNTER 

(01-28, 29, 30, 31) 


DB7 


DBO 

X 

1 1 

TENS 0 or 1 

1_1_ \ _1 

UNITS 0-9 


MONTH COUNTER 

(JAN = 1 DEC=12) 

DB7 0=NO LEAP YEAR 
1=LEAP YEAR 

REGISTER TRUTH TABLE 


DB7 

- 1 - 1 -!- 1 - 1 - 

7 6 5 4 3 2 

_^^^^^_ 


DBO 


CONTROL REGISTER 

DB0-DB1 - FREQUENCY SELECT 
DB2-START/STOP 

DB3 - COUNTER/ALARM LATCH CONTROL 
DB4-DB7 - CLOCK OUTPUT SELECT 


DB7 


DBO 

TENS 0-5 

_ ^^^ _ 

UNITS 0-9 

III 

SECONDS ALARM LATCH (00-59) 

DB7 


DBO 

TENS 0-5 

_ ^^^ _ 

UNITS 0-9 

i 1 1 

MINUTES ALARM LATCH (00-59) 

DB7 DB6 


DBO 

X 1 X ’ 

TENS 

0-2 

1 1 1 

UNITS 0-9 

_ ^^^ _ 


HOURS ALARM LATCH (01-12 or 00-23) 
12 HR, DB7=0 AM, 1 = PM 
24 HR, DB7=X 


READ ONLY REGISTER 


DB7 

DB6 






DBO 

1 X 

X 

0 

0 

0 

0 

0 

0 1 

INTERRUPT STATUS REGISTER 

DB7=1 ALARM CIRCUIT ACTIVATED INT 

DB6=1 CLOCK OUTPUT ACTIVATED INT. 


ADDRESS 

ACTIVE SIGNAL 

BIT 3 

CONTROL 

REGISTER 

REGISTER OPERATION 

A2 

A1 

AO 

TPB/WR 

RD 

0 

1 

0 

X 

— 

0 

Write Seconds Counter 

0 

1 

0 

_ 

X 

0 

Read Seconds Counter 

0 

1 

1 

X 

— 

0 

Write Minutes Counter 

0 

1 

1 

— 

X 

0 

Read Minutes Counter 

1 

0 

0 

X 

— 

0 

Write Hours Counter 

1 

0 

0 

— 

X 

0 

Read Hours Counter 

1 

0 

1 

X 

— 

0 

Write Date Counter 

1 

0 

1 

— 

X 

0 

Read Date Counter 

1 

1 

0 

X 

— 

0 

Write Month Counter 

1 

1 

0 

— 

X 

0 

Read Month Counter 

0 

1 

0 

X 

— 

1 

Write Seconds Alarm Latch 

0 

1 

1 

X 

— 

1 

Write Minutes Alarm Latch 

1 

0 

0 

X 

— 

1 

Write Hours Alarm Latch 

1 

1 

1 

X 

- 

— 

Write Control Register 

1 

1 

1 

— 

X 

— 

Read int. Status Register 
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GENERAL OPERATION 

The real-time clock contains seconds, minutes, and hours, 
date and month counters that hold time of day/calendar 
information (see Fig. 2). The frequency of an intrinsic 
oscillator is divided down to supply a once-a-second signal 
to the counter series string. The counters are separately 
addressable and can be written to or read from. 

The real-time clock contains seconds, minutes and hour 
write-only alarm latches that store the alarm time (see Fig. 
3). When the value of the alarm latches and counters are 
equal, the interrupt output is activated. The interrupt output 
can also be activated by a clock output transition. The clock 
output is derived from the prescaler and counters and can 
be one of 15 square-wave signals. The value in the read¬ 
only interrupt status register identifies the interrupt source. 


Operational control of the real-time clock is determined by 
the byte in a write-only control register. The 8-blt value In 
this register determines the correct divisor for the prescaler, 
a data direction and alarm enable bit, clock output select, 
and start/stop control (see Fig. 4). 

Data transfer and addressing are accomplished in two 
modes of operation, memory mapping and I/O mapping 
using the CDP1800-series microprocesso rs. The mode is 
selected by the level on an input pin. (I-O/MEM). Memory 
mapping implies use of the address lines as chip selects and 
address inputs using linear selection or partial or full 
decoding methods. I/O mapping with the CDP1800-serles 
microprocessors involves use of the N line outputs In 
conjunction with input and output instructions to transfer 
data to and from memory. 


I NT status] 
REGISTER 




I I/O 
INTER-I 
FACE 





ADDRESS DECODE 
AND 

CONTROL LOGIC 



1 COMPARATOR | 

SECOND 

LATCH 

— 

MINUTE 

LATCH 

— 

HOUR 

LATCH 




Fig. 2 - Functional diagram - time counters highlighted. 
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o 


Fig. 3 - Functional diagram - alarm circuit, clock output, interrupt, and status registers highlighted. 


OPERATIONAL SEQUENCE 

Power is applied and the real-time clock is reset. This sets 
the interrupt output pin high. After the CS pin is set high and 
with address 7 on the address input lines, the control 
register is loaded via the data bus to configure the clock. 

With selective addressing, the seconds through month 
counters are then written to and loaded to set the current 
time. The real-time clock will now hold the current “wall 
clock” time, with an accuracy determined by the crystal or 
external clock used. If the alarm function is desired, the 
control register is accessed and loaded again This new 
byte will allow subsequent time data to be entered into the 
seconds, minutes and hours alarm latches. This sequence 
is also used when selecting one of the 15 available clock-out 
signals. 

If the alarm function was selected, the interrupt output pin 
will be set low when the values in the seconds, minutes and 
hour alarm latches match those in the seconds, minutes and 
hour counters 

If one of the 15 sub second-to-day clock outputs is selected 
by the byte in the control register, the clock output pin 
toggles at that frequency (50% duty cycle). The interrupt 


output will also be set low on the first clock out negative 
transition. The interrupt source (alarm or clock out) can be 
determined by reading the interrupt status register. The 
clock output can be deselected by placing zero in the upper 
nibble of the control register if the alarm function is selected 
as the only interrupt source. 

COUNTERS (See Fig. 2) 

The counter section consists of an on-board oscillator, a 
prescalerand Scountersthat hold the time of day/calendar 
information. 

1 of 4 possible external crystals determine the frequency of 
the on-board oscillator (32,768 Hz, 1 048576 MHz, 2.097152 
MHz, 4.194304 MHz). The oscillator output is divided down 
by a prescaler that supplies a once-a-second pulse to the 
counters. The seconds counter divides the pulse by 60 and 
its output clocks the minute counter every 60 seconds. 
Further division by the minutes, hours, day of month and 
month counters result in 5 counters holding data that 
reflects the time/calendar from seconds to months. The 
counters are addressed separately and BCD data is 
transferred to and from via the data bus. The most significant 
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Fig. 4 - Functional diagram - control register highlighted. 


bit of the hours counter (Bit 7) is user programmed to 
indicate AM or PM and will be inverted every 12th hour. (0 = 
AM, 1 = PM). Bit6of the hours counter is user programmed 
to enable the hours counter for 12 or 24 hour operation. (0 = 
24,1 = 12). If 24-hour operation is selected, the AM-PM bit is 
"don’t care”, but still toggles every 12th hour. Writing to the 
seconds counter resets the last 7 stages of the prescaler, 
allowing time accuracy to approximately 1/100 of a second. 

The most significant bit of the month counter is a Leap Year 
bit. If it Is set to ”1”, the counter will count to February 29, 
then roll to March 1. If set to ”0” it will goto March 1st after 
February 28th. 


ALARM AND INTERRUPT STATUS REGISTER (See Fig. 3) 

The alarm circuit consists of 1) seconds, minutes and hour 
alarm latches that hold the alarm time, 2) the outputs of the 
seconds, minutes and hour counters, and 3) a comparator 
that drives an interrupt output. The comparator senses the 
counter and alarm latch values and activates the interrupt 
output (active low) when they are equal. 

The write-only alarm latches have the same addresses as 
their comparable counters. Bit 3 in the control register 


determines data direction to the latches or counters and 
alarm enabling. For example, during a write cycle, if bit 3 in 
the control register is a "1”, addressing the seconds counter 
or alarm latch will load the seconds alarm latch from the 
data bus and will enable the alarm function. Conversely, if 
bit 3 in the control register is a “0”, addressing the seconds 
counter or alarm latch during a write cycle will place the 
value on the data bus into the seconds counter and will 
disable the alarm function. The interrupt output can be 
activated by the alarm circuit or the clock output. When an 
interrupt occurs, the upper two bits of the interrupt status 
register identify the interrupt source. The interrupt status 
register has the same address as the control register. 
Addressing the interrupt status register with the RD line 
active will place these register bits on the data bus. Bits 0-5 
are held low. A "1” in bit 6 represents a clock output 
transition as the interrupt source. A "1” in bit 7 will identify 
the alarm circuit as the interrupt source. 

Activating the reset pin (active low) resets the hour latch to 
“30” which prevents a match between alarm and time 
registers during an initialization procedure. Activating the 
reset pin or writing to the control register resets the 
interrupt output (high) and clears the interrupt status 
register. 
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CLOCK OUTPUT (See Table I and Fig. 3) 

One of 15 counter and prescaler overflows can be selected 
as a 50% duty cycle output signal that is available at the 
“clock out” pin. The frequency is selected by the upper 
nibble In the control register. For example, selecting a one- 
second clock output will result in a repetitive signal that will 
be high for 500 ms and low for the same period The high-to- 
low transition of the output signal will set the clock bit in the 
status register and activate the interrupt output. The level of 
the “clock out” signal is derived from the value in the 
counter Example' if hours clock is selected and the minutes 
counter holds 4 minutes, the clock out will be low for 26 
minutes and high for 30 minutes. Thereafter, the clock out 
will toggle at a 50% duty cycle rate 


CONTROL REGISTER (See Table I and Fig. 4) 

BIT BIT 


7 

6 

5 

4 

3 

2 

1 

0 


CONTROL REGISTER BYTE 


The 8-bit value in the control register determines the 
following. 

1. Bit 0 and 1 — Frequency Select —Since there are one of 
4 possible crystals the oscillator in the real-time clock 
can operate with, these bit levels determinethe prescaler 
divisor so that an accurate one second pulse is supplied 
to the counter series string 


BIT1 BITO FREQUENCY 


0 

0 

1 

1 


0 32,768 Hz 

1 1.048576 MHz 

0 2 097152 MHz 

1 4.194304 MHz 


2. Bit 2 — Start-Stop Controi — Counter enabling is 
controlled by the value at this location A “1” will allow 
the counters to function and a “0” in this location will 
disable the counters. 

3 Bit 3 — Counter/Latch Control — The level at this 
location controls two functions. It is required since the 
counters and alarm latches have the same addresses 

1) A “0” in bit 3 will direct subsequent data to or from 
the counter selected and the alarm function will be 
disabled. 

2) A “1” in bit 3 will direct subsequent data to or from 
the alarm latch and will enable the alarm. 

4. Bits 4 to 7 — Clock Select — These bits select one of 15 
square-wave signals that will be present at the “clock- 
out” pin. If bits 4to 7 are zero’s, the clock output pin will 
be high. If a clock is selected, the first high-to-low clock 
out transition will activate the interrupt pm (active low) 
and place a “1 ” in bit 6 of the status register. Writing to 
the control register or activating the reset pin will set the 
interrupt pin high and reset the interrupt status register. 

Normal operation requires the control register to be written 
to and loaded first with a control word. However, subsequent 
writing to a counter if a “clock out” is selected may cause an 
interrupt out signal. Therefore, “clock-out” should be 
deselected by writing zero’s into bits 4 through 7 if the 


interrupt is used. When the counters are loaded, the control 
register is again written to with the value in the upper nibble 
selecting the “clock out” signal. See Table I. 

READ AND WRITE SIGNALS 

When the l-O/MEM pin is low, the real-time clock is enabled 
for memory mapped operation. Data on the bus is placed in, 
or read from a counter, alarm latch or register by 1) placing 
the CS pin high, 2) selective addressing, 3) placing the 
TPB/WR pm low during a write cycle with the RD pin high or 
4) setting the RD pin low during a read cycle with the 
TPB/WR pm high. 

The I/O mapping mode used with the CDP1 800 se ries 
microprocessor__is selected by setting the l-O/MEM pin 
high The TPB/WR pin on the real-time clock is connected 
to the TPB output pin of the microprocessor. Data on the 
bus IS written to or read from the counters, latches and 
registers by 1) placing the CS pin high, 2) selective 
addressing utilizing the microp roce ssor N lines and I/O 
instructions, 3) placing the TPB/WR pin high with the RD 
pm low during an output or write op erati on (data is latched 
on TPB’s trailing edge), 4) setting the RD line high during an 
input or read operation. Data is placed on the bus by the 
real-time clock between the trailing edges of TPA and TPB. 


FREEZE CIRCUIT 

Since writing to or reading from the counters or alarm 
latches is performed asynchronously, the once-a-second 
signal from the prescaler may pulse the counter series 
string during these operations. This can result in erroneous 
data. To avoid this occurring, a transparent “freeze” circuit 
IS incorporated into the real-time clock This circuit is 
designed to trap and hold the one-second input clock 
transition if it occurs during access times. When the 
operations are completed, it is inserted into the counter 
series string. To utilize the “freeze” circuit, address “1” (AO = 
1, A1 = 0, A2 = 0) is selected first while performing a write 
operation. Read or write accesses may now be performed 
with assurance the data is stable. All operations must be 
concluded within 250 ms of the address “1” access. If 
memory mapping any dummy write operation after selecting 
address “1” will set the “freeze” circuit. If using the I/O 
mode, a 61 output instruction will perform the same 
function. There is no time restriction on subsequent 
accesses as long as the read or write operations are 
preceded by selecting address “1”. 



POWER DOWN 

Power down operation is initiated with a low signal on the 
“POWER DOWN” input pin. In conjunction with the interrupt 
output, it is used to supply external control circuits with a 3 
level control signal. The operating current is not appreciably 
reduced during “POWER DOWN” operation. When power 
down IS initiated, any inputs on the address or data bus are 
ignored. The clock output is set low. The interrupt output is 
tri-stated. If enabled previously, the alarm circuitry is active 
and will set the interrupt output pin low when alarm time 
occurs. The interrupt output will also go low if a clock was 
selected and an internal high-to-low transition occurs 
during powerdown The clock output pm will remain low. If 
power down is initiated in the middle of a read or write 
sequence, it will not become activated until the read or write 
cycle IS completed. 
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PIN FUNCTIONS 


Vdd, Vss — Power and ground for device. 

DBO — DB7 — DATA BUS — 8-bit bidirectional bus that 
transfers BCD data to and from the counters, latches and 
registers. 

AO, A1, A2 — Address inputs that select a counter, latch or 
register to read from or write to. 

TPA — Strobe input used to latch the value on the chip 
select pin. CS is latched on the trailing edge of TPA. During 
memory mapping, it is used to latch the high order address 
bit used for the chip select. When the real-time clock is used 
with other microprocessors, or when the high order address 
of the CDP1800 series microprocessor is externally latched, 
it is connected to Vdd. In the input/output mode, it is used to 
gate the N lines. 

I-O/MEM — Tied low during memory mapping and high 
when the input/output mode of the CDP1800 series 
microprocessor is used. 

RD, TPB/WR"— DIRECTION SIGNALS — Active signals 
that determine data direction flow. In the memory mapped 
mode, data is plac ed on the bus from the counters or status 
register when RD pin is active. 

Data is transferred to a counter, latch or the control register 
when RD is high and TPB/WR is active and latched on the 
trailing edge (low to high) of the TPB/WR signal. 

In the input/output mode, data is placed on the bus from a 
counter or status register when RD is not active between the 
trailing edges of TPA and TPB. Data on the bus is written to 
a counter, latch, or the control register during TPB when RD 


is active and latched on TPB’s trailing edge. The following 
connections are required between the microprocessor and 
real-time clock in the CDP1800 series I/O mode. 

MICROPROCESSOR REAL-TIME CLOCK 


MRD.RD 

TPB.TPB/WR 

TPA.TPA 

N LI NES. .ADDRESS LINES 

I-O/MEM. VDD 


CS —CHIPSELECT — Used toenableordisablethe inputs 
and outputs. TPA is used to strobe and latch a positive level 
on this pin to enable the device. 

XTAL AND XTAL — The frequency of the internal oscillator 
Is determined by the value of the crystal connected to these 
pins. “XTAL” may be driven directly by an external frequency 
source. 

CLOCKOUT — 1 of 15square wave frequencies will appear 
at this pin when selected. During power down, this pin will 
be placed low, and will be high during normal operation 
when the clock is deselected. 

POWER DOWN — POWER DOWN CONTROL — A low on 

this pin will place the device in the power down mode. 

INT — Interrupt Output — A low on this pin indicates an 
active alarm time or high-to-low transition of the “clock out” 
signal. 

RESET — A low on this pin clears the status register and 
places the interrupt output pin high. 


FREQUENCY INPUT REQUIREMENTS 


The Real-Time Clock operates with the following frequency 
input sources: 

1. An external crystal that is used with the on-board 
oscillator. The oscillator is biased by a large feedback 
resistor and oscillates at the crystal frequency (see Fig. 
6, Table III). 


2. An external freque ncy input that is supplied at the 
XTAL input. XTAL is left open (see Fig. 5). A typical 
external oscillator circuit is shown in Fig. 7 in section, 
“Standby (Timekeeping) VOLTAGE OPERATION”. 


TABLE III - Typical Oscillator Circuit Parameters for Suggested Oscillator Circuit, see Fig. 6 


PARAMETERS 

4.197 MHz 

2.097 MHz 

1.049 MHz 

32768 Hz* 

UNITS 

Rf 

22 

22 

22 

22 

MD 

Co 

39 

39 

39 

39 

PF 

c, 

5 

5 

5 

5 

PF 

Rs 

— 

— 

— 

200 

KQ 

Cl 

— 

— 

— 

91 

pF 

Crystal Impedance 

73 

200 

200 

50K (max.) 

Q 


*CDP1879C-1 only. 
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FREQUENCY INPUT REQUIREMENTS (Cont’d) 


Design Considerations for Stabie Crystai Osciiiation 

1. Stray capacitances should be minimized for best 
oscillator performance. Circuit board traces should be 
kept to a maximum of 1 inch, and there should be no 
parallel traces. 



2. A signal line or power source line must not cross or go 
near the oscillator circuit line. 

3. It is advisable to put a 0 . 1 -mlcrofarad capacitor between 
Vdd and Vss of the CDP1879. 



Fig. 5 - Connections for an external-frequency source 
applied to real-time clock. 


Fig 6 - Suggested oscillator circuit applied to real-time 
clock {see Table 111). 


STANDBY (TIMEKEEPING) VOLTAGE OPERATION 


When any one of the four specified crystals is used with the 
on-board oscillator, the Real-Time Clock can operate at a 
minimum of 4 volts Vdd. However, at 32 kHz the clock will 
run (timekeeping only, no device READ/WRITE accesses) 
down to 3 volts at -40° to +85° C and 2.5 volts at 0° to +70° C. 
To achieve this low voltage operation, an external 32-kHz 


clock source must be supplied at the XTAL input (see Fig. 
7). The standby requirements for CHIP SELECT/DESELECT 
are listed in Table IV, and Fig. 8 indicates the timing 
waveforms. Fig. 9 illustrates the typical timekeeping curve 
over the full temperature range. 


+ 3V 



92CS-37290 

Fig. 7 - Typical external clock-source circuit. 


Table IV - Standby (Timekeeping) Characteristics at Full-Temperature Range 


CHARACTERISTIC 

VDD 

(V) 

VSTBY 

(V) 

LIMITS 

UNITS 

CDP1879 

CDP1879C-1 

Min. 

Max. 

Min. 

Max. 

Chip Deselect to Standby 


5 


2 

— 

2 

— 


(Timekeeping) Voltage Time 

tcSTBY 

10 


1 

— 

— 

— 

fJS 

Recovery to Normal 




2 

— 

2 

— 


Operation Time 




1 

— 

— 

— 
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STANDBY (TIMEKEEPING) VOLTAGE OPERATION (Cont’d) 


_STANDBY_ 

VOLTAGE MODE 


^DD 


CS 



‘♦r, >^ns 


92CM-37a9l 


Fig. 8 - Standby {timekeeping) voltage- and timmg-'waveforms. 



Fig. 9 - Typical standby (timekeeping) voltage vs. full-temperature range. 


APPLICATIONS 

Atypical application for this real-time clock is as a wake-up 
control to a CPU to reduce total system power in inter¬ 
mittent-use systems. A hookup diagram illustrating this 
feature is shown in Fig. 10. In this configuration, the alarm 
and power-down features of the CDP1879 are utilized in the 
control of the sleep and wake-up states of the CPU. A 
typical shut-down/start-up sequence for this system could 
proceed as follows: 

1. The CPU has finished a current task and will be inactive 
for the next six hours. 

2. The CPU loads the CDP1879 alarm registers with the 
desired wake-up time. 

3. The CDP1800 Q output is set high, which stops the 
CPU oscillator (as an alternative, in an NMOS system, 
power to all components except the clock chip could be 
shut off). 

4. This Q output signal is received by the CDP1879 as a 
power-down signal. 

5. The CDP1879 tri-states the interrupt output pin. 

6. The CDP1879 even tually times out, and sets an alarm 
by driving the INT output low. 

7. The alarm signal resets the CPU (to avoid oscillator 
start-up problems) and flags the processor for a warm- 
start routine. 

8. The CPU, once into its normal software sequence, 
writes to the CDP1879 control register to reset the 
interrupt request. 



Fig. 10 - CPU wake-up circuit using the CDP1879 real-time clock. 
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APPLICATIONS (Cont’d) 
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Fig. 11 - Typical CDP1802 memory-mapped system 
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Fig 12 - CDP1800-series memory-mapped write-cycle timing waveforms. 
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Fig 13 - CDP1800-series memory-mapped read-cycle timing waveforms. 
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Fig. 14 - Typical CDP1802 input/output-mapped system. 






Fig. 15 - CDPISOO’Series mput/output-mapping timing waveforms with output instruction. 



Fig. 16 - CD PI800-series input/output-mapping timing waveforms with input instruction. 
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Specifications CDP1879, CDP1879C-1 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta ^ -40 to +85° C, 
Input tr,tf = 10 ns, Cl = 50 pF 


CHARACTERISTIC 

Read Cycle Times (see Fig. 17) 


LIMITS 

UNITS 

CDP1879 

CDP1879C-1 







5 

_ 

400 

_ 



Data Access from Address 

tDA 









10 

— 

190 

— 



_ 


5 

270 

_ 

270 



Read Pulse Width 

tRD 









10 

160 

— 

— 





5 

_ 

375 

_ 



Data Access from Read 

tDR 









10 

— 

170 

— 

— 

ns 

_ 


5 

0 

_ 

0 

_ 


Address Hold after Read 

tRH 









10 

0 

— 

— 

— 


_ 


5 

50 

230 

50 

230 


Output Hold after Read 

tDH 

10 

40 

130 






5 

50 

_ 

50 

_ 


Chip Select Setup to TPA 

tcs 

10 

30 

— 


— 



tTime required by a limit device to allow for the indicated function 



Fig. 17 - Read-cycle timing waveforms. 
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' Specifications CDP1879, CDP1879C-1 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, 

Input tr,t| = 10 na. Cl == 50 pF 


CHARACTERISTIC 

Write Cycle Times (tee Fig. 18) 

vdd 

(V) 

LIMITS 

UNITS 

CDP1879 

CDP1879C-1 

Min.t 



Max. 

Address Setup to Write tAS 

5 

10 


— 

225 

— 


Write Pulse Width tWR 

5 

10 

150 

70 

— 

150 

— 

Data Setup to Write tos 

6 

10 

65 

30 

— 

65 

— 

Address Hold after Write tAH 

6 

10 

0 

0 

I 

0 

— 

Data Hold after Write tWH 

5 

10 


— 


— 

Chip Select Setup to TPA tcs 

5 

10 

50 

30 

— 


_ 


tlime required by a limit device to allow for the indicated function. 


1- 

“1_ 


—»cs 

Uh ^ 
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/ 
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Fig. 18 - Write-cycle timing waveforms. 
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Features 


CDP 1881 , CDP 1881 C 
CDP 1882 , CDP 1882 C 

CMOS 6-Bit Latch and Decoder 
Memory Interfaces 


• Performs memory address latch and decoder 
functions multiplexed or non-multiplexed 

• Decodes up to 16K bytes of memory 

• Interfaces directly with CDP1800-series microproces¬ 
sors at maximum clock frequency 

• Can replace CDP1866 and CDP1867 (upward speed 
and function capability) 


Ordering Information 


PACKAGE 

TEMP. 

RANGE 

5V 

10V 

Plastic DIP 
Burn-In 

-40°C to 
+85°C 

CDP1881CE 

CDP1881CEX 

CDP1881E 

CDP1881EX 

Plastic DIP 
Burn-In 

-40°C to 
-i-85°C 

CDP1882CE 

CDP1882CEX 

CDP1882E 

Ceramic DIP 
Burn-In 

-40°C to 
+85°C 

CDP1882CD 

CDP1882CDX 

CDP1882D 


Pinouts 


CDP1881, CDP1881C 20 LEAD DIP 
TOP VIEW 


Description 

The CDP1881 and CDP1882 are CMOS 6 bit memory latch 
and decoder circuits intended for use in CDP18CX) series 
microprocessor systems. They can interface directly with the 
multiplexed address bus of this system at maximum clock 
frequency, and up to four 4K x 8 bit memories to provide a 
16K byte memory system. With four 2K x 8 bit memories an 
8K byte system can be decoded. 

The devices are also compatible with non-multiplexed 
address bus microprocessors. By connecting the clock input 
to Vdd, the latches are in the data-following mode and the 
decoded outputs can be used in general purpose memory- 
system applications. 

The CDP1881 and CDP1882 are intended for use with 2K or 
4K by te R AMs a nd are identical except that in the CDP1882 
MWR and MRD are excluded. 

The CDP1881 and CDP1882 are functionally identical to the 
CDP1881C and the CDP1882C. They differ in that the 
CDP1881 and CDP1882 have recommended operating 
voltage range of 4 to 10.5 volts and their C versions have a 
recommended operating voltage range of 4 to 6.5 volts. 

The CDP1881 and CDP1882 are supplied in 20 lead and 
18 lead packages, respectively. The CDP1881 is supplied 
only in a dual-in-line plastic package (E suffix). The 
CDP1882 is supplied in dual-in-line, hermetic side-brazed 
ceramic (D suffix) and in plastic (E suffix) packages. 


CDP1882, CDP1882C 18 LEAD DIP 
TOP VIEW 



CLOCK Ll 
MAS [T 
MA4 [T 
MA3 [T 
MA2 [T 
MAI [T 

MAO [7 
[? 

MWR [T 
Vss Ro 


CLOCK |T 
MAS [7 
MA4 [7 
MA3 [T 
MA2 [? 
MAI [7 
MAO [T 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications CDP1881, CDP1881C, CDP1882, CDP1882C 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vqq): 

(All Voltages Referenced to Vss Terminal) 
CDP1881 and CDP1882 . 

.-0.5V to +11V 

Device Dissipation Per Output Transistor 

Ta = Full Package Temperature Range 
(All Package Types). 

.lOOmW 

CDP1881C and CDP1882C. 

.-0.5Vto+7V 

Operating Temperature Range (Ta): 


Input Voltage Range, All Inputs. 

..-0.5V to Vdd +0.5V 

Package Type D. 

. -55°C to +125°C 

DC Input Current, Any One Input. 

.+10mA 

Package Type E. 

.. -40°C to +85°C 

Power Dissipation Per Package (Pq) 


Storage Temperature Range (Tgjg). 

. -65°Cto-»-150°C 

Ta = -40°C to +60°C (Package Type E)... 

. 500mW 

Lead Temperature (During Soldering): 


Ta = +60°C to +85°C (Package Type E)... 

... Derate Linearly at 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 



12mW;°C to 200mW 

from case for 10s max. 

. +265°C 

Ta = -55°C to +100°C (Package Type D). 500mW 

Ta = -h 100°C to +125°C (Package Type D)_Derate Linearly at 

12mW/°C to 200mW 

Recommended Operating Conditions At Ta = Full Package Temperature Range. For maximum reliability, operating conditions 


should be selected so that operation is always within the following ranges: 




CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 


Static Electrical Characteristics 


CHARACTERISTIC 


Quiescent Device 
Current 


Output Low Drive 
(Sink) Current 


Output High Drive 
(Source) Current 


Output Voltage 
Low-Level (Note 2) 


Output Voltage 
High-Level (Note 2) 


Input Low Voltage 


Input High Voltage 


Input Leakage Current 


Operating Current 
(Note 3) 


Input Capacitance 


Output Capacitance 


Minimum Data 
Retention Voltage 


Data Retention Current 


NOTES: 

1. Typical values are for T^ = +25°C. 
2- loL= loH = 



At Ta = -40°C to +85°C, Vqd 




; 5%, Except as Noted: 





3. Operating current measured at 200kHz for Vqq = 5V and 400kHz 
for Vdd = 10V, with outputs open circuits (Equivalent to typical 
CDP1800 system at 3.2MHz, 5V; and 6.4MHz, 10V). 
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CDP1881, CDP1881C, CDP1882, CDP1882C 




Fig. 1 - Functional diagram for the CDP1881, CDP1881C. 


Fig. 2 - Functional diagram for the CDP1882, CDP1882C. 


TRUTH TABLES for the CDP1881, CDP1881C and CDP1882, CDP1882C. 


MWRA MRDA 


INPUTS 


CLK 




PREVIOUS STATE 


ACDP1881, CDP1881C Only 


1 

0 

1 

1 

1 

0 

1 

1 


PREVIOUS STATE 


INPUTS 

OUTPUTS 



MAO, MA1, 

A8, A9, 

CE 

CLK 

MA2, MAS 

A10, A11 

X 

1 

1 

1 

X 

1 

0 

0 

X 

0 

X 

PREVIOUS 




STATE 


Logic 1 = High, Logic 0 = Low, X = Don’t Care 
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CDP1881, CDP1881C, CDP1882, CDP1882C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ± 5%, tr, tf = 20 ns, 


ViH = 0.7 VDD, ViL = 0.3 VDD, CL = 100 pF, See Fig. 3. 





LIMITS 


CHARACTERISTIC 


Vdd 

CDP1881, CDP1882 

CDP1881C, CDP1882C 

UNITS 












(V) 

Min. 

Typ.» 

Max.A 

Min. 

Typ.» 

Max.A 


Minimum Setup Time, 


5 

— 

10 

35 

— 

10 

35 


Memory Address to CLOCK, 

tMACL 

10 

— 

8 

25 

— 

— 

— 


Minimum Hold Time, 


5 

— 

8 

25 

— 

8 

25 


Memory Address After CLOCK, 

tCLMA 

10 

_ 

8 

25 

— 

— 

— 




5 

_ 

50 

75 

_ 

50 

75 


Minimum CLOCK Pulse Width 

tCLCL 

10 

_ 

25 

40 

_ 

_ 

_ 


Propagation Delay Times 


5 

— 

75 

150 

- 

75 

150 


Chip Enable to Chip Select 

tCECS 

10 

— 

45 

100 

— 

— 

— 




5 

_ 

75 

150 

_ 

75 

150 


MRD or MWR to Chip Select* 

tMCS 

10 

_ 

40 

100 

_ 

_ 

_ 

ns 



5 


100 

175 

__ 

100 

175 


CLOCK to Chip Select 

tCLCS 

10 

_ 

65 

125 

_ 


— 




5 

_ 

100 

175 

_ 

100 

175 


CLOCK to Address 

tCLA 

10 

_ 

65 

125 

_ 

_ 

_ 




5 


100 

175 


100 

175 


Memory Address to Chip Select 

tMACS 

10 





— 

75 

125 

— 

— 

— 




5 

_ 

80 

125 

_ 

80 

125 


Memory Address to Address 

tMAA 

10 


60 






— 

40 

— 

— 

— 



•Typical values are for Ta = 25° C. 

AMaximum limits of minimum characteristics are the values above which all devices function. 


*For the CDP1881 and CDP1881C types only. 


VALID CHIP ENABLE 


^CECS 


-♦CECS 


CSO, CSI.CS2,CS3 


(a) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY 





M RD OR MWR '' 


J MCS 


♦mCS I 

[ 



CSO. CSI, CS2,CS3 ^ 

k ..^ 

F 


(b) MRD OR MWR TO CHIP SELECT PROPAGATION DELAY (CDPI88I.CDPIBBIC ONLY) 



(c) MEMORY ADDRESS SETUP AND HOLD TIME 

92CM- 37295 

Fig. 3 - CDP1881 and CDP1882 timing waveforms. 
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CDP1881, CDP1881C, CDP1882, CDP1882C 


SIGNAL DESCRIPTIONS/PIN FUNCTIONS 

CLOCK: Latch-Input Control - a high at the clock input 
will allow data to pass through the latch to the output pin. 
Data IS latched on the high to low transition of the clock 
input This input is connected to TPA in CDP1800-series 
systems 

MA0-MA3: Add ress inputs to the high-byte address 
latches 

MA4, MAS: High - byte a ddress inputs decoded to produce 
chip selects CSO - CS3 

MRD,M WR: MEMORY READ (M^and MEMORY WRITE 
(MWR) signal inputs on the CDP1881, CDP1881C A low at 
either input, when t he CE p in is lo w, will enable the decoder 
chip select outputs (CSO - CSS) 

CE: CHIP ENABLE input - a low at the CE input of 
CDP1882, CDP1882C will enable the chip select decoder A 
low at the CE input of CDP1 88 1, CD P1881C, coincident 
with a low at either the MRD or MWR pm, will enab l e the 
chip sele ct de coder. A high on this pin forces CSO, CS1, 
CS2, and CSS to a high (false) state 

A8-A11: Latched high-byte address outputs 

CS0-CS3: One of four latched and decoded Chip Select 
outputs 

Vdd, Vss: Power and ground pins, respectively 


APPLICATION INFORMATION 

The CDP1881 and CDP1882 can interface directly with the 
multiplexed address bus of the CDP1800-series 
microprocessor family at maximum clock frequency. A 
single CDP1881 or CDP1882 is capable of decoding up to 
16K-bytes of memory 

The CDP1881 is provided with MRD and MWR inputs for 
controlling bus contention, and is especially useful for 
interfaci ng wi th RAMs that do not have an output enable 
function T^E") Fig 4 shows the CDP1881 in a minimum 
system configuration which includes the CDP1833 ROM 
(IK X 8) and two 2K x 8 RAMS. The CDP1881, in this 
example performs the following functions: 

(1) Latch and decode high-order address bits for use as 

chip selects _ _ 

(2) Gate chip selects with MRD and MWR to prevent bus 
contention with the CPU 

(S) Latch high-order address bits A8 to All. 

A system using the CDP1882 is shown in Fig 5. The 
CDP1882 performs the memory address latch and decoder 
functions Note that the RAM has a n out puten able (OE) pin 
which eliminates the need f or MR D and MWR inputs on the 
latch/decoder Instead, th e MR D line is connected directly 
to the RAM output enable (OE) pm 

In Fig. 6 the CDP1882 is used to decode a 16K-byte ROM 
system consisting of four CDM5332s 



92CM-37294RI 

CEa = ^ ram No I 
CEb = ^ ram No 2 


Fig. 4 - Minimum 1800-system using the CDP1881 
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CDP1881. CDP1881C, CDP1882, CDP1882C 




Fig. 6 - 16K-byte ROM systems using the CDP1882. 92CM<-s729S 
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Features 

• Performs Memory Address Latch And Decoder 
Functions Multiplexed Or Non-multiplexed 

• Interfaces Directly With the CDP1800-Series 
Mircoprocessors 

• Allows Decoding for Systems Up To 32K Bytes 


Ordering Information 



TEMPERATURE 



PACKAGE 

RANGE 

5V 

10V 

Plastic DIP 

-40°C to +85°C 

CDP1883CE 

CDP1883E 

Burn-In 


CDP1883CEX 

- 


CDP1883 

CDP1883C 

CMOS 7-Bit Latch and Decoder 
Memory Interfaces 


Description 

The CDP1883 is a CMOS 7-bit memory latch and decoder 
circuit intended for use in CDP1800-series mircoprocessor 
systems, it can serve as a direct interface between the multi¬ 
plexed address bus of this system and up to four 8K x 8-bit 
memories to implement a 32K-byte memory system. With 
four 4K X 8-bit memories, a 16K-byte system can be 
decoded. 

The device is also compatible with non-multiplexed address 
bus microprocessors. By connecting the clock input to VDD, 
the latches are in the data-following mode and the decoded 
outputs can be used in general-purpose memory-system 
applications. 

The CDP1833 is compatible with CDP1800-series micropro¬ 
cessors operating at maximum clock frequency. 

The CDP1883 and CDP1883C are functionally identical. 
They differ In that the CDP1883 has a recommended operat¬ 
ing voltage range of 4 volts to 10.5 volts and the C version 
has a recommended operating voltage range of 4 volt to 6.5 
volts. 

The CDP1883 and CDP1883C are supplied in 20-lead dual- 
in-line plastic packages (E suffix) 



Pinout 


20 LEAD DIP 
TOP VIEW 


CLOCK LI 
MAO [2 
MAI [3 
MA2 [a 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
Copyright © Harris Corporation 1992 /i -11 q 
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Specifications CDP1883, CDP1883C 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vdq): 

(All Voltages Referenced to Vss Terminal) 

CDP1883.-0.5Vto+11V 

CDP1883C.-0.5Vto+7V 

Input Voltage Range, All Inputs.-0.5V to Vqq +0.5V 

DC Input Current, Any One Input.±10mA 

Power Dissipation Per Package (Pq) 

Ta = -40°C to +60°C (Package Type E). 500mW 

Ta = +60°C to 4-85°C (Package Type E).Derate Linearly at 

12mW/°C to 200mW 


Device Dissipation Per Output Transistor 

Ta = Full Package Temperature Range.100mW 

Operating Temperature Range (T^): 

Package Type E.-40°C to +85°C 

Storage Temperature Range (T^jg).-65°C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 




Recommended Operating Conditions At T^ = Full Package Temperature Range.For maximum reliability, operating conditions 

should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 



Static Electrical Characteristics At Ta = -40°c to +85°c, Vqd ± 5%, Except as Noted: 


CHARACTERISTIC 


Quiescent Device 
Current 


Output Low Drive 
(Sink) Current 


Output High Drive 
(Source) Current 


Output Voltage 
Low-Level (Note 2) 


Output Voltage 
High-Level (Note 2) 


Input Low Voltage 


Input High Voltage 


Input Leakage Current 


Operating Current 
(Note 3) 


Minimum Data 
Retention Voltage 


Data Retention Current 


Input Capacitance 


Output Capacitance 




pA 


pA 

mA 


mA 


mA 


mA 


V 


V 

V 



NOTES: 


1. Typical values are for Ta =+25°C. 

3. Operating current measured at 200kHz for Vqq = 5V and 400kHz 

2- loL = loH = fiA 

for Vqd = 10V, with outputs open circuit. 
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CDP1883, CDP1883C 




CO 

o 

s 

o 


SIGNAL DESCRIPTIONS/PIN FUNCTIONS 

CLOCK: Latch Input Control—a high on the clock input 
will allow data to pass through the latch to the output pin. 
Data is latched on the high-to-low transition of the clock 
input. This pin is connected to TPA in the CDP1800 system 
and tied to Vdd for other applications. 

MA0-MA4: address inputs to the high byte address latches. 
MA5-MA6: high byte address inputs decoded to produce 
chip selects d^0-C^3. 

CHIP ENABLE input. A low on this pm will enab l e the 
chip sele ct dec oder A high on this pm forces the CSO, CS1, 
C^, and outputs to a high (false) state. 

A8-A12: latched high-byte address outputs. 

CSO-C^: one of four latched and decoded Chip Select 
outputs. 

Vdd, Vss: power and ground pins, respectively. 


TRUTH TABLES FOR CDP1883, CDP1833C 


INPUTS I 

OUTPUTS 


CLK 

MAS 

MA6 

C55 

IJ5T 


CS3 

0 

1 

0 

0 

0 

1 

1 

1 

0 

1 

1 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

X 

X 

PREVIOUS STATE 

1 

X 

X 

X 

1 

1 

1 

1 


INPUTS 

OUTPUTS 

•cf 

CLK 

MAO-4 

A8-A12 

X 

1 

1 

1 

X 

1 

0 

0 

X 

0 

X 

PREVIOUS STATE 


X = DON’T CARE 
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CDP1883, CDP1883C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=- 40 to +85° C, Vdd ± 5%, tr,tr=20 ns, 
V|h=0.7 Vdd. V|l=0.3 Vdd. Cl=100 pF. see Fig. 2. 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

CDP1883 

CDP1883C 

Min. 

Typ.» 

Max.A 

Min. 

Typ.» 

Max.A 

Minimum Setup Time, 


5 

— 

10 

35 

— 

10 

35 


Memory Address to CLOCK 

tviACL 

10 

— 

8 

25 

— 

— 

— 


Minimum Hold Time, 


5 

— 

8 

25 

— 

8 

25 


Memory Address After CLOCK 

tcLMA 

10 

— 

8 

25 

— 

— 

— 


Minimum CLOCK Pulse Width 


5 

— 

50 

75 

— 

50 

75 




10 

— 

25 

40 

— 

— 

— 


Propagation Delay Times: 


.5 

— 

75 

150 

— 

75 

150 


Chip Enable to Chip Select 

tcECS 

10 

— 

45 

100 

— 

— 

— 

ns 



5 

_ 

100 

175 

_ 

100 

175 


CLOCK to Chip Select 

tcLCS 

10 

— 

65 

125 

— 






5 

_ 

100 

175 

_ 

100 

175 


CLOCK to Address, 

tcLA 











10 

— 

65 

125 

— 

— 

— 




5 

_ 

100 

175 

_ 

100 

175 


Memory Address to Chip Select 

tlVIACS 

10 

— 

75 

125 

— 






5 

_ 

80 

125 

_ 

80 

125 


Memory Address to Address 

tMAA 

10 

— 

40 

60 

— 





•Typical values are for Ta = 25^0 

AMaximum limits of minimum characteristics are the values above which all devices function 



[ VALID CHIP ENABLES j 


CE ^ 

r 

h- 


^^“♦CECS ♦CECS 

CSO,CSI,CS2,CS3 ^ 

^ ... Z3F 


(a) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY 



92CM-37284 

Ffg. 2 - CDP1883 timing waveforms. 
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CDP1883, CDP1883C 


APPLICATION INFORMATION 

The CDP1883 and CDP1883C can be interfaced, without 
external components, with CDP1800-series microprocessor 
systems. These microprocessors feature a multiplexed 
address bus and provide an address latch signal (TPA) that 
IS used as the Clock input of the CDP1883. 

This signal is used to latch 7 bits of the high-order address. 
The lower five high-order address inputs are latched and 
held to be used with the eight lower-order address inputs to 


access an 8K x 8-bit memory. The two upper high-order 
address inputs are latched and decoded for use as chip 
selects. 

The latched address and decoding functions of the CDP1883 
and CDP1883C allow them to operate with 32K-byte memory 
systems. In addition, smaller memory systems can be 
configured with 4K x 8-bit or smaller memories, or a mix of 
memory sizes up to 8K x 8-blt. 



92CM-37281 

Fig 3 - Minimum 1800-system using the CD PI 883 to interface with an 8K x 8-bit memory. 




Fig 4 - 32K-byte ROM system using the CDP1883 
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ICM7170 

jaP-Compatible 
Real-Time Clock 


GENERAL DESCRIPTION 

The ICM7170 real time clock is a microprocessor bus 
compatible peripheral, fabricated using Harris’ silicon gate 
CMOS LSI process. An 8-bit bidirectional bus is used for the 
data I/O circuitry. The clock is set or read by accessing the 
8 internal separately addressable and programmable coun¬ 
ters from 1/100 seconds to years. The counters are con¬ 
trolled by a pulse train divided down from a crystal oscillator 
circuit, and the frequency of the crystal is selectable with 
the on-chip command register. An extremely stable oscilla¬ 
tor frequency is achieved through the use of an on-chip reg¬ 
ulated power supply. 

The device access time (tgcc) 300ns eliminates the 
need for wait states or software overhead with most micro¬ 
processors. Furthermore, an ALE (Address Latch Enable) 
input is provided for interfacing to microprocessors with a 
multiplexed address/data bus. With these two special fea¬ 
tures, the ICM7170 can be easily interfaced to any available 
microprocessor. 

The ICM7170 generates two types of interrupts, periodic 
and alarm. The periodic interrupt (100Hz, 10Hz, etc.) can be 
programmed by the Internal interrupt control register to pro¬ 
vide 6 different output signals. The alarm interrupt is set by 
loading an on-chip 51-bit RAM that activates an interrupt 
output through a comparator. The alarm interrupt occurs 
when the real time counter and alarm RAM time are equal. 
A status register is available to indicate the interrupt source. 

An on-^hip Power-Down Detector eliminates the need for 
external components to support the battery back-up func¬ 
tion. When a power-down or power failure occurs, internal 
logic switches the on-chip counters to battery back-up oper¬ 
ation. Read/write functions become disabled and operation 
is limited to time-keeping and interrupt generation, resulting 
in low power consumption. 

Internal latches prevent clock roll-over during a read cy¬ 
cle. Counter data is latched on the chip by reading the 
10Oth-seconds counter and is held Indefinitely until the 
counter is read again, assuring a stable and reliable time 
value. 


ORDERING 1 

NFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICM7170IPG 

-40^010 +85‘’C 

24-Pin Plastic Dip 

ICM7170IDG 

-40X10 +85X 

24-Pin Ceramic 

ICM7170IBG 

-40Xto -f 85X 

24-Pin SOIC 

ICM7170MDG 

-55Xto +125X 

24-Pin Ceramic 

ICM7170AIPG 

-40Xto +85X 

24-Pln Plastic Dip 

ICM7170AIDG 

-40Xto+85X 

24-Pin Ceramic 

ICM7170AIBG 

-40Xto +85X 

24-Pin SOIC 

ICM7170AMDG 

-55Xto+125°C 

24-Pin Ceramic 


“A” Parts Screened to <5 jaA Istby ® 32 KHz 


FEATURES 

• 8-Bit jmP Bus Compatible 

—Multiplexed or Direct Addressing 

• Regulated Oscillator Supply Ensures Frequency 
Stability and Low Power 

• Time From 1/100 Seconds to 99 Years 

• Software Selectable 12/24 Hour Format 

• Latched Time Data Ensures No Roll-Over During 
Read 

• Full Calendar With Automatic Leap Year Correction 

• On-Chip Battery Backup Switchover Circuit 

• Access Time Less Than 300ns 

• 4 Programmable Crystal Oscillator Frequencies over 
Industrial Temp Range 

• 3 Programmable Crystal Oscillator Frequencies over 
Military Temp Range 

• On-Chip Alarm Comparator and RAM 

• Interrupts from Alarm and 6 Selectable Periodic 
Intervals 

• Standby Micro-Power Operation: 1.2jaA Typical at 
3.0V and 32kHz Crystal 

APPLICATIONS 

• Portable and Personal Computers • Data Logging 

• Industrial Control Systems • Point Of Sale 



HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE pjlg Number 3019 


NOTE AH typical values have been charactenzed but are not tested 
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ICM7170 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.8V 

Power Dissipation (Note 1).SOOmW 

Input Voltage (Any Terminal) 

(Note 2) . Vdd +0.3V to Vss -0.3V 

NOTE 1: Ta= 25'’C. 

NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any terminal at voltages greater than Vdd O'’ I®ss than Vss may cause destructive 
device latchup For this reason, it is recommended that no inputs from external sources not operating on the same power supply be applied to the device before its 
supply IS established, and that in multiple supply systems, the supply to the ICM7170 be turned on first 


Operating Temperature .— 40“Cto+85°C 

Storage Temperature .-65“C to +150“C 

Lead Temperature (Soldering, 10sec) . 300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings ” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


OSCILUTOn 
CRYSTAL 
OSC OSC 



Figure 2: Functional Diagram 


ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 

(Ta= -40°C to +85‘’C, Vdd= +5V ±10%, Vbackup = Vdd, Vss = OV unless otherwise specified) 
All Idd specifications include all input and output leakages (7170 and 7170A) 


Symbol 

Parameter 

Test Conditions 

Specification 

Units 

Min 

Typ 

Max 

Vdd 

Vdd Supply Range 

Fqsc = 32kHz 

1.9 


5.5 

V 

Fqsc = 1.2, 4MHz 

2.6 


5.5 

•STBY(1) 

Standby Current 

Fosc = 32kHz 

Pins 1-8,15-22 & 24 = Vqd 

Vdd = Vss; Vbackup = Vqd - 3.0V 
For 7170A See General Note (5) 

7170 


1.2 

20.0 

juiA 

7170A 


1.2 

5.0 

IsTBY(2) 

Standby Current 

Fosc "" 4MHz 

Pins 1-8,15-22 & 24 = VpD 

Vdd = Vss; Vbackup = Vdd - 3.ov 


20 

150 

jliA 

Idd(1) 

Operating Supply Current 

Fosc = 32kHz 

Read/Write Operation at 10OHz 


0.3 

1.2 

mA 

IdD(2) 

Operating Supply Current 

Fosc = 32kHz 

Read/Write Operation at 1 MHz 


1.0 ^ 

2.0 

mA 


“A” Parts Screened to <5 fxA Istby ® 32 KHz 


NOTE AH typical values have been charactenzed but are not tested 
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ICM7170 


ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 

(Ta= -40*C to +85*C, Vdd= + 5V ±10%, Vbackup=Vdd. Vss = OV unless otherwise specified) (Continued) 
All Idd specifications include all input and output leakages (7170 and 7170A) 


Symbol 

Parameter 


Specification 




Max 

V|L 

Input low voltage (Except Osc.) 

Vdd=5.0V 



0.8 

V 

V|H 

Input high voltage (Except Osc.) 

Vdd = 5.0V 

mm 



V 

VoL 

Output low voltage (Except Osc.) 

IOL~ 



0.4 

V 

VOH 

Output high voltage except 

• 0 H= -400jutA 

m 



a 

INTERRUPT (Except Osc.) 

l|L 

Input leakage current 

V|N = Vdd or Vss 

-10 

0.5 

+ 10 

IHSHI 

l 0 L< 1 ) 

Tristate leakage current (Do-Dy) 

Vo=Vdd or Vss 

bds 


+ 10 

fiA 

Vbattery 


FoSC=1.2, 4MHz 

1^1 


CO 

T 

Q 

G 

> 

V 

Vbattery 

Backup Battery Voltage 

FosC = 32kHz 




V 

lOL® 

Leakage current INTERRUPT 

Q 

Q 

> 

II 

0 

> 




10 


C|/o 

CAPACITANCE Do-Dy 




8 


PF 

Caddress 

CAPACITANCE A 0 -A 4 




6 


PF 

CcONTROL 

CAP. RD, WR,^ALE 




6 



C|fsi Osc. 

Total Osc. Input Cap. 




3 


pF 


AC CHARACTERISTICS (Ta= —40“C to + Vd = + 5V ± 10%, Vbackup” Vdd> Do-Dy Load 
Capacitance = 150pF, V|l=0.4V, V|h = 2.8V unless otherwise specified) 


Symbol 

Parameter 

Min 

Max 1 Units | 

READ CYCLE TIMING | 

Vd 

READ to DATA valid 


250 

ns 

^acc 



300 

ns 

tcvc 


400 


ns 

trh 

Read high time 

150 


ns 

trx 

high to bus tristate 


25 

ns 

fas 

ADDRESS to READ set up time 

50 


ns 

far 

ADDRESS HOLD time after READ 

0 


ns 

WRITE CYCLE TIMING | 

fad 

ADDRESS valid to WRITE strobe 

50 


ns 

fwa 

ADDRESS hold time for WRITE 

0 


ns 

fwl 

WRITE pulse width, low 

100 


ns 

fwh 

WRITE high time 

300 


ns 

fdw 

DATA IN to WRITE set up time 

100 


ns 

fwd 

DATA IN hold time after WRITE 

30 


ns 

fcvc 

WRITE cycle time 

400 


ns 

1 MULTIPLEXED MODE TIMING | 

f|| 

ALE Pulse Width, High 

50 


ns 

fal 

ADDRESS to ALE set up time 

30 


ns 

f|a 

ADDRESS hold time after ALE 

30 


ns 


NOTE. AH typical values have been characterized but are not tested 
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Table 1: Pin Description 


Signal 

Pin# 

SOIC 

Pin# 

Description 

WR 

1 

19 

Write input 

ALE 

2 

20 

Address latch enable input 


3 

21 

Chip select input 

A4-A0 

4-8 

22-2 

Address inputs 

OSC OUT 

9 

3 

Oscillator output 

OSC IN 

10 

4 

Oscillator input 

INT SOURCE 

11 

5 

Interrupt source 

INTERRUPT 

12 

6 

Interrupt output 

Vss(GND) 

13 

7 

Digital common 

'^BACKUP 

14 

8 

Battery negative side 

D0-D7 

15-22 

9-16 

Data I/O 

< 

o 

o 

23 

17 

Positive digital supply 

1 RD 

24 

18 

Read input 


DETAILED DESCRIPTION 
Oscillator 

The ICM7170 has an onboard CMOS Pierce oscillator 
with an internally regulated voltage supply for maximum ac¬ 
curacy, stability, and low power consumption. It operates at 
any of four popular crystal frequencies: 32.768kHz, 
1.048576MHz, 2.097152MHz, and 4.194304MHz.* The 
crystal should be designed for the parallel resonant mode of 
oscillation. In addition to the crystal, 2 or 3 load capacitors 
are required, depending on the circuit topology used. 

The oscillator output is divided down to 4000Hz by one of 
four divider ratios, determined by the two frequency selec¬ 
tion bits in the Command Register (DO and D1 at address 
$11). This 4000Hz is then divided down to 100Hz, which is 
used as the clock for the counters. 

Time and calendar information is provided by 8 consecu¬ 
tive, programmable counters: lOOths of seconds, seconds, 
minutes, hours, day of week, date, month, and year. The 
data is In binary format with 8 bits per digit. See Table 4 for 
address information. Any unused bits are held to a logic “0” 
during a read and ignored during a write operation. 

♦NOTE: 4.194304MHz is not available over military temperature range. 


NOTE. AH typical values have been charactenzed but are not tested 
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Alarm Compare RAM 

On the chip are 51 bits of Alarm Compare RAM grouped 
into words of different lengths. These are used to store the 
time, ranging from 10Oths of seconds to years, for compari¬ 
son to the real-time counters. Each counter has a corre¬ 
sponding RAM word. In the Alarm Mode an interrupt is gen¬ 
erated when the current time Is equal to the alarm time. The 
RAM contents are compared to the counters on a word by 
word basis, if a comparison to a particular counter is unnec¬ 
essary, then the appropriate ‘M’ bit in Compare RAM should 
be set to logic “1”. 

The ‘M’ bit, referring to Mask bit, causes a particular RAM 
word to be masked off or Ignored during a compare. Table 4 
shows addresses and Mask bit information. 

Periodic Interrupts 

The interrupt output can be programmed for 6 periodic 
signals: 100 Hz, 10 Hz, once per second, once per minute, 
once per hour, or once per day. The 100 Hz and 10 Hz 
interrupts have Instantaneous errors of ±2.5% and 
±0.15% respectively. This is because non-integer divider 
circuitry is used to generate these signals from the crystal 
frequency, which is a power of 2. The time average of these 
errors over a 1 second period, however, is zero. Conse¬ 
quently, the 100 Hz or 10 Hz Interrupts are not suitable as 
an aid in tuning the oscillator; the 1 second interrupt must 
be used Instead. 

See General Note (6). 


The periodic Interrupts can occur concurrently and In ad¬ 
dition to alarm interrupts. The periodic interrupts are con¬ 
trolled by bits in the interrupt mask register, and are enabled 
by setting the appropriate bit to a “1” as shown in Table 5. 
Bits D1 through D6 in the mask register. In conjunction with 
bits D1 through D6 of the status register, control the gener¬ 
ation of interrupts according to Figure 5. 

The interrupt status register, when read, indicates the cause 
of the interrupt and resets itself on the rising edge of the RD 
signal. When any of the counters having a corresponding bit 
in the status register increments, that bit is set to a “1” 
regardless of whether the corresponding bit In the Interrupt 
mask register is set or not. 

Consequently, when the status register is read it will always 
indicate which counters have increments and if an alarm 
compare occurred, since the last time it was read. This re¬ 
quires some special software considerations. If a slow inter¬ 
rupt is enabled (i.e. hourly or daily), the program must al¬ 
ways check the slowest interrupt that has been enabled 
first, because all the other lower order bits in the status 
register will be set to “1” as well. 

Bit D7 is the global Interrupt bit, and when set to a “1”, 
indicates that the 7170 did indeed generate a hardware in¬ 
terrupt. This is useful when other interrupting devices in ad¬ 
dition to the 7170 are attached to the system microproces¬ 
sor, and all devices must be polled to determine which one 
generated the interrupt. 

See General Note (6). 


Table 2: Command Register Format 


COMMAND REGISTER ADDRESS (10001b, 11h) WRITE-ONLY 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

n/a 

n/a 

Normal/Test 

Mode 

Interrupt 

Enable 


12/24 Hour 

Format 

Crystal 

Frequency 

Crystal 

Frequency 


Table 3: Command Register Bit Assignments 



Test Bit 







D1 

DO 

Crystal 

Frequency 

0 


0 


D 

Stop 

0 

12 hour mode 

0 

0 

32.768kHz 

1 


1 

Interrupt enable 

1 

Run 

1 


0 

1 

WESS^BBt 









1 

0 










1 

1 

4.194304MHz 


NOTE. AH typical values have been charactenzed but are not tested. 
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Table 4: Address Codes and Functions 


Address 

Function 

DATA 


Eg 

Eg 

Eg 

Eg 

El 


m 

13 


eg 

131 

39 

m 

n 

0 

0 

0 

0 

0 

00 

Counter-1 /100 seconds 

- 








0-99 

0 

0 

0 

0 

1 

01 

Counter-hours 

- 

- 

- 






0-23 







12 Hour Mode 

* 

- 


- 





1-12 

0 

0 

0 

1 

0 

02 

Counter-minutes 

- 

- 







0-69 

0 

0 

0 

1 

1 

03 

Counter-seconds 

- 

- 







0-59 

0 

0 

1 

0 

0 

04 

Counter-month 

- 

- 

- 

- 





1-12 

0 

0 

1 

0 

1 

05 

Counter-date 

- 

- 

- 






1-31 

0 

0 

1 

1 

0 

06 

Counter-year 

- 








0-99 

0 

0 

1 

1 

1 

07 

Counter-day of week 

- 

- 

- 

- 

- 




0-6 

0 

1 

0 

0 

0 

08 

RAM-1/100 seconds 

M 








0-99 

0 

1 

0 

0 

1 

09 

RAM-hours 

- 

M 

- 






0-23 







12 hour Mode 

* 

M 

- 

- 





1-12 

0 

1 

0 

1 

0 

OA 

RAM-minutes 

M 

- 







0-59 

0 

1 

0 

1 

1 

OB 

RAM-seconds 

M 

- 







0-59 

0 

1 

1 

0 

0 

OC 

RAM-month 

M 

- 

- 

- 





1-12 

0 

1 

1 

0 

1 

OD 

RAM-date 

M 

- 

- 






1-31 

0 

1 

1 

1 

0 

OE 

RAM-year 

M 








0-99 

0 

1 

1 

1 

1 

OF 

RAM-day of week 

M 

- 

- 

- 

- 




0-6 

1 

0 

0 

0 

0 

10 

Interrupt Status 

+ 















and Mask Register 










1 

0 

0 

0 

1 

11 

Command register 

- 

- 









NOTES: Addresses 10010 to 11111 ( 12h to IFh) are unused 

■ + ■ Unused bit for Interrupt Mask Register, MSB bit for Interrupt Status Register. 
Indicates unused bits. 

AM/PM indicator bit in 12 hour format Logic “0” indicates AM, logic “1” indicates PM 
‘M’ Alarm compare for particular counter will be enabled if bit is set to logic “0". 


Table 5: Interrupt and Status Registers Format 


INTERRUPT MASK REGISTER ADDRESS (10000b, lOh) WRITE-ONLY 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

{[1391^91 



Min. 

Sec. 



Alarm 


4 — 


Periodic Interrupt Mask Bits 

- 

Alarm/Compare 
Mask Bit 

INTERRUPT STATUS REGISTER ADDRESS (10000b, lOh) READ-ONLY 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Global 

Interrupt 


Hour 

Min. 

Sec. 

1/10 sec. 

_ 

1/100 sec. 

Alarm 

Periodic 

and 

Alarm 

Flags 

- 


Periodic Interrupt Flags 

- 

Alarm 

Compare 

Flag 


NOTE AH typical values have been charactenzed but are not tested 
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Interrupt Operation 

The Interrupt Output N-channel MOSFET (Figure 5) is 
efiabled whenever both the Interrupt Enable bit (D4 of the 
Command Register) and a mask bit (D0-D6 of the Interrupt 
Mask Register) are set. The transistor is turned ON when a 
fla^ bit is set that corresponds to one of the set mask bits, 
this also sets the Global Interrupt Flag Bit (D7 of the Inter¬ 
rupt Status Register), it is turned OFF when the Interrupt 
Status Register is read. An interrupt can occur in both the 
operational and standby modes of operation. 

Since system power is usually applied between Vqo and 
Vss. ihe user can connect the Interrupt Source (pin # 11) to 
Vss- This allows the Interrupt Output to turn on only while 
system power is applied and will not be pulled to Vss during 
standby operation. If interrupts are required only during 
standby operation, then the interrupt source pin should be 
connected to the battery’s negative side (Vbackup)- In this 
configuration, for example, the interrupt could be used to 
turn on power for a cold boot. 

Power-Down Detector 


the battery-backup switchover function, as shown in Figure 
6. Whenever the voltage from the Vss ^ the Vbackup 
pin is less than approximately 1 .OV (the Vth of the N-chan- 
nel MOSFET), the data bus I/O buffers in the 7170 are au¬ 
tomatically disabled and the chip cannot be read or written 
to. This prevents random data from the microprocessor be¬ 
ing written to the clock registers as the power supply is go¬ 
ing down. 

Actual switchover to battery operation occurs when the 
voltage on the Vbackup 's within ± 50 mV of Vss- This 
switchover uncertainty is due to the offset voltage of the 
CMOS comparator that is used to sense the battery voltage. 
During battery backup, device operation is limited to time¬ 
keeping and interrupt generation only, thus achieving micro¬ 
power current drain. If an external battery-backup switch¬ 
over circuit is being used with the 7170, or if standby battery 
operation is not required, the Vbackup Pii^ should be pulled 
up to Vdd through a 2k resistor. 


The ICM7170 contains an on-chip power-down detector 
that eliminates the need for external components to support 



NOTE AH typical values have been charactenzed but are not tested 
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Time Synchronization 

Time synchronization is achieved through bit D3 of the 
Command Register, which is used to enable or disable the 
100Hz clock from the counters. A logic “1 ” allows the coun¬ 
ters to function and a logic “0” disables the counters. To 
accurately set the time, a logic “0” should be written into D3 
and then the desired times entered Into the appropriate 
counters. The clock is then started at the proper time by 
writing a logic “1” into D3 of the Command Register. 

Latched Data 

To prevent ambiguity while the processor is gathering 
data from the registers, the ICM7170 incorporates data 
latches and a transparent transition delay circuit. 

By accessing the lOOths of seconds counter an internal 
store signal is generated and data from all the counters is 
transferred into a 36-bit latch. A transition delay circuit will 
delay a 100Hz transition during a READ cycle. The data 
stored by the latches is then available for further processing 
until the lOOths of seconds counter is read again. If a RD 
signal Is wider than 0.01 sec., 100Hz counts will be ignored. 

Control Lines 

The RD, WR, and CS signals are active low inputs. Data 
is placed on the bus from counters or registers when RD is 
a logic **0”. Data is transferred to counters or registers 
when WR is a logic “0”. RD and WR must be accompanied 
by a logical “0” CS as shown in Figures 3 and 4. The 7170 
will also work satisfactorily with CS grounde d. In this mode, 
access to the 7170 is controlled by RD and WR only. 


With the ALE (Address Latch Enable) input, the ICM7170 
can be Interfaced directly to microprocessors that use a 
multiplexed address/data bus by connecting the address 
lines A0-A4 to the data lines D0-D4. To address the chip, 
the address is placed on the l^and ALE is strobed. On the 
falling edge, the address and CS information is read into the 
address latch and buffer. RD and WR are used in the same 
way as on a non-multiplexed bus. If a non-multiplexed bus is 
used, ALE should be connected to Vdd- 

Test Mode 

The test mode is entered by setting D5 of the Command 
Register to a logic “1”. This connects the 100Hz counter 
directly to the oscillator’s output. 

Oscillator Considerations 

Load Design: A new oscillator load configuration, shown 
in Figure 7, has been found that eliminates startup problems 
sometimes encountered with 32kHz tuning fork crystals. 

Two conditions must be met for best oscillator performance: 
the capacitive load must be matched to both the inverter and 
crystal to provide the ideal conditions for oscillation, and the 
resonant frequency of the oscillator must be adjustable to the 
desired frequency. In the original design (Figure 8), these two 
goals were often at odds with each other; either the oscillator 
was trimmed to frequency by detuning the load circuit, or 
stability was increased at the expense of absolute frequency 
accuracy. 



NOTE AH typical values have been charactenzed but are not tested 
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The new load configuration (Figure 7) allows these two 
conditions to be met Independently. The two load capaci¬ 
tors, Ci and C 2 , provide a fixed load to the oscillator and 
crystal. C 3 adjusts the frequency that the circuit resonates 
at by reducing the effective value of the crystal’s motional 
capacitance, Cq. This minute adjustment does not appreci¬ 
ably change the load of the overall system, therefore stabili¬ 
ty is no longer affected by tuning. Typical values for these 
capacitors are shown in Table 6 . Ci and C 2 must always be 
greater than twice the crystal’s recommended load capaci¬ 
tance in order for C 3 to be able to trim the frequency. Some 
experimentation may be necessary to determine the ideal 
values of Ci and C 2 for a particular crystal. 

This three capacitor tuning method will be more stable than 
the original design and is mandatory for 32 kHz tuning fork 
crystals: without it they may leap into an overtone mode when 
power is initially applied. 

The original two-capacitor circuit (Figure 8 ) will continue to 
work as well as it always has, and may continue to be used 
in applications where cost or space is a critical considera¬ 
tion. It is also easier to tune to frequency since one end of 
the trimmer capacitor is fixed at the AC ground of the circuit 
(Vdd)« minimizing the disturbance cause by contact between 
the adjustment tool and the trimmer capacitor. Note that in 
both configurations the load capacitors are connected bet¬ 
ween the oscillator pins and Vp 0 — do not use V 33 as an 
AC ground. 

Table 6 : Typical Load Capacitor Values 


Crystal 

Frequency 

Load Caps 
(Ci,C 2 ) 

Trimmer Cap 
(C3) 

32 kHz 

33 pF 

5-50 pF 

1 MHz 

33 pF 

5-50 pF 

2 MHz 

25 pF 

5-50 pF 

4 MHz 

22 pF 

5-100 pF 


Layout: Due to the extremely low current (and therefore 
high impedance) design of the ICM7170’s oscillator, special 
attention must be given to the layout of this section. Stray 
capacitance should be minimized. Keep the oscillator traces 
on a single layer of the PCB. Avoid putting a ground plane 
above or below this layer. The traces between the crystal, 
the capacitors, and the 7170 OSC pins should be as short 
as possible. Completely surround the oscillator components 
with a thick trace of Vdd fo minimize coupling with any digi¬ 
tal signals. The final assembly must be free from contami¬ 
nants such as solder flux, moisture, or any other potential 
sources of leakage. A good solder mask will help keep the 
traces free of moisture and contamination over time. 

Oscillator Tuning 

Trimming the oscillator should be done indirectly. Direct 
monitoring of the oscillator frequency by probing OSC IN or 
OSC OUT is not accurate due to the capacitive loading of 
most probes. One way to accurately trim the 7170 is by 
turning on the 1 second periodic interrupt and trimming the 
oscillator until the interrupt period is exactly one second. 
This can be done as follows: 

1) Turn on the system. Write a $00 to the Interrupt Mask 
Register (location $10) to clear all interrupts. 

2) Set the Command Register (location $ 11 ) for the appro¬ 
priate crystal frequency, set the Interrupt Enable and 
Run/Stop bits to 1, and set the Test bit to 0. 


3) Write a $08 to the Interrupt Mask Register to turn on the 
1 second interrupt. 

4) Write an interrupt handler to read the Interrupt Status 
Register after every interrupt. This resets the interrupt 
and allows it to be set again. A software loop that reads 
the Interrupt Status Register several times each second 
will accomplish this also. 

5) Connect a precision period counter capable of measur¬ 
ing 1 second within the accuracy desired to the interrupt 
output. If the interrupt is configured as active low, trigger 
on the falling edge. If the interrupt is active high, trigger 
on the rising edge. Be sure to measure the period be¬ 
tween when the transistor turns ON, and when the tran¬ 
sistor turns ON a second later. 


6 ) Adjust C 3 (C 2 for the two-capacitor load configuration) 
for an interrupt period of exactly 1.000000 seconds. 



APPLICATION NOTES 

Digital Input Termination During Backup 

To ensure low current drain during battery backup opera¬ 
tion, none of the digital inputs to the 7170 should be al¬ 
lowed to float. This keeps the input logic gates out of their 
transition region, and prevents crossover current from flow¬ 
ing which will shorten battery life. The address, data, CS, 
and ALE pins should be pulled to either Vdd or Vss. and the 
RD and WR inputs should be pulled to Vdd- This is neces¬ 
sary whether the internal battery switchover circuit is used 
or not. 


4 i' 

_[u 


NOTE AH typical values have been charactenzed but are not tested 
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IBM/PC Evaluation Circuit 

Figure 9 shows the schematic of a board that has been 
designed to plug into an IBM PC/XT* or compatible computer. 
In this example CS is permanently tied low and access to 
the chip is controlled by the RD and WR pins. These si gnals 
are generated by U1, which gates the IBM’s lOR and lOW 
with a device select signal from U3, which is functioning as 
an I/O block address decoder. DS1 selects the interrupt 
priority. 

U6 is used to isolate the ICM7170 from the PC databus for 
test purposes. It is only required on heavily-loaded TTL 
databusses—the ICM7170 can drive most TTL and CMOS 
databusses directly. 


Since the IBM PC/XT* requires a positive Interrupt tran¬ 
sition, the 7170’s interrupt output transistor has been con¬ 
figured as a source follower. As a source follower, the inter¬ 
rupt output signal will swing between OV and 2.5V. When 
trimming the oscillator, the frequency counter must be trig¬ 
gered on the rising edge of the interrupt signal.’ 


Batteries 

Crystals 

Panasonic 

Rayovac 

Saronix 32kHz NTF3238 

Statek 32kHz CX-1V 

Seiko 2MHz GT-38 



SELECT 


0372-12 

Figure 9: IBM PC Interface for ICM7170 


*IBM, IBM PC, and IBM XT are trademarks of IBM Corp. 


NOTE: AH typical values have been charactenzed but are not tested 
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GENERAL NOTES: 

(1) TIME ACCESS 

To update the present time registers (Hex 00-07) the 
1/100 register must be read first. The 7 real time coun¬ 
ter registers (Hours, Minutes, Seconds, Month, Date, 
Day, and Year) data are latched only if the 1/100 sec¬ 
ond counter register is read. The 1/100 seconds data 
itself is not latched. The real time data will be held in 
the latches until the 1/100 seconds is read again. See 
the data sheet section on LATCHED DATA. None of 
the RAM data is latched since it is static by nature. 

(2) REGULATED OSCILLATOR 

The oscillator’s power supply is voltage regulated 
with respect to Vdd- In the 32 kHz mode the regulator’s 
amplitude is 2Vtn + Vtp ( = 1.8). In the 1, 2, and 4 MHz 
mode the regulator’s amplitude is 2Vtn + Vtn + Vtp 
(= 2.6V). As a result, signal conditioning is necessary to 
drive the oscillator with an external signal. In addition, it 
is also necessary to buffer the oscillator’s signal to drive 
other external clocks because of its reduced amplitude 
and offset voltage. 

(3) INTERNAL BATTERY BACKUP 

When the 7170 Is using its own internal battery back¬ 
up circuitry, no other circuitry interfaced to the 7170 
should be active during standby operation. When Vdd 
(+5V) is turned off (Standby operation), Vdd should 
equal Vgs = OV. All 7170 I/O should also equal Vss- At 
this time, the Vbackup pin should be 2.8V to 3.5V below 
Vss when using a Lithium battery. 

(4) EXTERNAL BATTERY BACKUP 

The 7170 may be placed on the same power supply 
as battery-backed up RAM by keeping the 7170 in Its 
operational state and having an external circuit switch 
between system and backup power for the 7170 and 
the RAM. In this case Vbackup should be pulled up to 
Vdd through a 2k resistor. Although the 7170 is always 
“on” in this configuration. Its current consumption will 
typically be less than a microamp greater than that of 
standby operation at the same supply voltage. (See 
Note 9.) 

Proper consideration must be given to disabling the 
7170’s and the RAM’s I/O before system power Is re¬ 
moved. This is important because many microproces¬ 
sors can generate spurious write signals when their 
supply falls below their specified operating voltage lim¬ 
its. NANDing CS (or WR) with a POWERGOOD signal 
will create a CS (or WR) that Is only valid when system 
power is within specifications. The POWERGOOD sig¬ 
nal should be generated by an accurate supply monitor 
such as the ICL7665 under/over voltage detector. 

An alternate method of disabling the 7170’s I/O is to 
pull Vbackup down to under a volt above Vss (Vss < 
Vbackup < 10V). This will cause the 7170 to internally 
disable all I/O. Do not allow Vbackup to equal Vss, 
since this could cause oscillation of the battery backup 
comparator (See Figure 6). Vbackup = Vss + 0.5V 
will disable the I/O and provide enough overdrive for 
the comparator. 

(5) 7170A PART 

The 7170A part is binned at final test for a 32.768 
kHz maximum current of 5 juiA. All other specifications 
remain the same. 


(6) INTERRUPTS 

The Interrupt Status Register (address $10) always 
indicates which of the real time counters have been in¬ 
cremented since the last time the register was read. 
NOTE: This is independent of whether or not any mask 
bits are set. 

The status register Is always reset Immediately after it 
is read. If an interrupt from the 7170 has occurred since 
the last time the status register was read, bit D7 of the 
register will be set. If the source was an alarm Interrupt, 
bit DO will also be set. If the Interrupt transistor has 
been turned on, reading the Interrupt Status Register 
will reset it. 

To enable the periodic interrupt, both the Command 
Register’s Interrupt Enable bit (D4) and at least one bit 
in the Interrupt Mask Register (D1-D6) must be set to a 
1. The periodic interrupt Is triggered when the counter 
corresponding to a mask bit that has been set is incre¬ 
mented. For example. If you enable the 1 second Inter¬ 
rupt when the current value In the lOOths counter is 57, 
the first interrupt will occur 0.43 seconds later. All sub¬ 
sequent interrupts will be exactly one second apart. The 
interrupt service routine should then read the Interrupt 
Status Register to reset the Interrupt transistor and. If 
necessary, determine the cause of the interrupt (period¬ 
ic, alarm, or non-7170 generated) from the contents of 
the status register. 

To enable the alarm interrupts, both the Command 
Register’s Interrupt Enable bit (D4) and the Interrupt 
Mask Register’s Alarm bit (DO) must be set to a 1. Each 
time there Is an exact match between the values In the 
alarm register and the values in the real time counters, 
bits DO and D7 of the Interrupt Status Register will be 
set to a 1 and the N-channel interrupt transistor will be 
turned on. As with a periodic Interrupt, the service rou¬ 
tine should then read the Interrupt Status Register to 
reset the Interrupt transistor and, since periodic and 
alarm interrupts may be simultaneously enabled, deter¬ 
mine the cause of the interrupt if necessary. 

Mask bits: The 7170 alarm interrupt compares the 
data in the alarm registers with the data in the real time 
registers, ignoring any registers with the mask bit set. 
For example. If the alarm register is set to 11-23-95 
(Month-Day-Year), 10:59:00:00 (Hour-Minutes-Sec- 
onds-Hundredths), and DAY = XX (XX = masked off), 
the alarm will generate a single interrupt at 10:59 on 
November 23, 1995. If the alarm register is set to 11 - 
XX-95, 10:XX:00:00, and DAY = 2 (2 = Tuesday); the 
alarm will generate one interrupt every minute from 
10:00-10:59 on every Tuesday In November, 1995. 

NOTE: Masking off the fOOths of a second counter has the same effect as 

setting it to 00, 

(7) RESISTOR IN SERIES WITH BATTERY 

A 2k resistor (R2) must be placed in series with the 
battery backup pin of the 7170. The UL laboratories 
have requested the resistor to limit the charging and 
discharging current to the battery. The resistor also 
serves the purpose of degenerating parasitic SCR ac¬ 
tion. This SCR action may occur if an Input is applied to 
the 7170, outside of its supply voltage range, while It is 
in the standby mode. 



NOTE AH typical values have been charactenzed but are not tested 
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GENERAL NOTES: (Continued) 

(8) VbaCKUP diode 

Lithium batteries may explode if charged or if dis¬ 
charged at too high a rate. These conditions could oc¬ 
cur if the battery was installed backwards or in the case 
of a gross component failure. A 1N914-type diode 
placed in series with the battery as shown in Figure 9 
will prevent this from occurring. A resistor of 2 MH or so 
should parallel the diode to keep the Vbackup terminal 
from drifting toward the Vss terminal and shutting off 
7170 I/O during normal operation. 


(9) SUPPLY CURRENT 

7170 supply current is predominantly a function of 
oscillator frequency and databus activity. The lower the 
oscillator frequency, the lower the supply current. When 
there is little or no activity on the data, address or control 
lines, the current consumption of the 7170 in its opera¬ 
tional mode approaches that of the backup mode. 


NOTE. AH typical values have been characterized but are not tested 
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82C237 


February 1992 


CMOS High Performance 
Programmable DMA Controller 


Features 

• Fully Compatible with Harris 82C37A 

- 82C237 May be Used in 8MHz and 12.5MHz 82C37A 
Sockets 

• Optimized for 10MHz and 12.5MHz 80C286 Systems 

• Special Mode Permits 16-Bit, Zero Wait State DMA 
Transfers 

• High Speed Data Transfers: 

- Up to 6.25 MBytes/sec with 12.5MHz Clock in 
Normal Mode 

• Up to 12.5 MBytes/sec with 12.5MHz Clock in 16-Bit 
Mode 

• Compatible with the NMOS 8237A 

• Four Independent Maskable Channels with Autoinitial¬ 
ization Capability 

• Cascadable to any Number of Channels 

• Memory-to-Memory Transfers 

• Static CMOS Design Permits Low Power Operation 

- ICCSB = lO^A Maximum 

- iCCOP = 2mA/MHz Maximum 

• Fully TTL/CMOS Compatible 

• Internal Registers may be Read from Software 


Ordering Information 


Description 

The 82C237 is a modified version of the 82C37A. The 
82C237 is fully software and pin for pin compatible with the 
82C37A but provides an additional mode for 16-bit DMA 
transfers, as well as enhanced speed. Each channel may be 
individually programmed for 8 -bit or 16-bit data transfers. 

The 82C237 controller can improve system performance by 
allowing external devices to transfer data directly to or from 
system memory. Memory-to-memory transfer capability is 
also provided, along with a memory block initialization fea¬ 
ture. DMA requests may be generated by either hardware or 
software, and each channel is independently programmable 
with a variety of features for flexible operation. 

The 82C237 is designed to be used with an external address 
latch, such as the 82C82, to demultiplex the most significant 
8 bits of address. An additional latch is required to 
temporarily store the most significant 8 bits of data if 16-bit 
memory-to-memory transfers are desired. The 82C237 can 
be used with industry standard microprocessors such as 
80C286, 80286, 80C86, 80C88, 8086, 8088, 8085, Z80, 
NSC800. 80186 and others. Multimode programmability 
allows the user to select from three basic types of DMA 
services, and reconfiguration under program control is 
possible even with the clock to the controller stopped. Each 
channel has a full 64K address and word count range, and 
may be programmed to autoinitialize these registers 
following DMA termination (end of process). 


PACKAGE 

TEMPERATURE 

RANGE 

8MHz 

12.5MHz 

Plastic DIP 

0°C to +70°C 

CP82C237 

CP82C237-12 


-40°C to +85°C 

IP82C237 

IP82C237-12 

PLCC 

0°C to +70°C 

CS82C237 

CS82C237-12 


-40°C to +85°C 

IS82C237 

IS82C237.12 

Ceramic DIP 

0°C to +70°C 

CD82C237 

CD82C237-12 


-40'’C to +85°C 

ID82C237 

ID82C237-12 


-55°C to +125°C 

MD82C237/B 

MD82C237-12/B 

SMD# 


Pending 

Pending 

LCC 

-55°C to +125°C 

MR82C237/B 

MR82C237-12/B 

SMD# 


Pending 

Pending 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


File Number 2965 
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SYMBOL 

PIN 

NUMBER 

TYPE 

DESCRIPTION 









DREQO- 16-19 
DREQ3 








VCC: is the +5V power supply pin. A 0.1 uF capacitor between pins 31 and 20 is recommended 
for decoupling. 


Ground 


CLOCK INPUT: The Clock Input is used to generate the timing signals which control 82C237 
operations. This input may be driven from DC to 12.5MHzfor the82C237-12, or from DC to 8MHz 
for the 82C237. The Clock may be stopped in either state for standby operation. 


CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus 
for CPU communications. 


RESET: This is an active high input which clears the Command, Status, Request, and Temporary 
registers, the First/Last Flip-Flop, and the mode register counter. The Mask register is set 
to ignore requests. The Data-Width register is set to perform 8-bit transfers on all channels 
{82C237 only). Following a Reset, the controller is in an idle cycle. 


READY: This signal can be used to extend the memory read and write pulses from the 82C237 to 
accommodate slow memories or I/O devices. Ready must not make transitions during its 
specified set-up and hold times. See Figure 14 for timing. Ready is ignored in verify transfer mode. 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that it has 
relinquished control of the system busses. HLDA is a synchronous input and must not transition 
during its specified set-up time. There is an implied hold time (HLDA inactive) of TCH from the 
rising edge of clock, during which time HLDA must not transition. 


DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request 
inputs used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest 
priority and DREQ3 has the lowest priority. A request is generated by activating the DREQ line of a 
channel. DACK will acknowledge the recognition of a DREQ signal. Polarity of DREQ is program¬ 
mable. Reset initializes these lines to active high. DREQ must be maintained until the correspond¬ 
ing DACK goes active. DREQ will not be recognized while the clock Is stopped. Unused DREQ 
inputs should be pulled High or Low (inactive) and the corresponding mask bit set. In 16-bit 
Transfer mode (82C237 only), each DREQ channel may be programmed to perform either 8-bit 
or 16-bit DMA transfers. 


DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data 
bus. The outputs are enabled in the Program condition during the l/Q Read to output the contents 
of a register to the CPU. The outputs are disabled and the inputs are read during an l/Q Write 
cycle when the CPU is programming the 82C237 control registers. During DMA cycles, the most 
significant 8 bits of the address are output onto the data bus to be strobed into an external latch 
by ADSTB. In memory-to-memory operations, data from the memory enters the 82C237 on the 
data bus during the read-from-memory transfer, then during the write-to-memory transfer, the 
data bus outputs write the data into the new memory location. 


l/Q READ: l/Q Read is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to read the control registers. In the Active cycle, it is an output 
control signal used by the 82C237 to access data from a peripheral during a DMA Write transfer. 


l/Q WRITE: l/Q Write is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to load information into the 82C237. In the Active cycle, it is an 
output control signal used by the 82C237 to load data to the peripheral during a DMA Read transfer. 


END QF PRQCESS: End of Process (EQP) is an active low bidire ctiona l signal. Information 
concerning the completion of DMA services is available at the bidirectional EQP pin. 

The 82C237 allows an external signal to terminate an active DMA service by pulling the EQP pin 
low. A pulse is generated by the 82C237 when terminal count (TC) for any channel is reach ed, 
except for channel 0 in memory-to-memory mode. During memory-to-memory transfers, EQP will 
be output when the TC for channel 1 occurs. 

The EQP pin is driven by an open drain transistor on-chip, and requires an external pull-up 
resistor to VCC. 

When an EQP pulse occurs, whether internally or externally generated, the 82C237 will terminate 
the service, and if autoinitialize is enabled, the base registers will be written to the current registers 
of that channel. The mask bit and TC bit in the status word will be set for the currently active 
channel by EQP unless the channel is programmed for autoinitialize. In that case, the mask bit 
remains clear. 
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Pin Description 


TABLE 1. 


SYMBOL 

PIN 

NUMBER 

TYPE 

DESCRIPTION 

A0-A3 

32-35 

I/O 

ADDRESS: The four least significant address lines are bidirectional three-state signals. In the Idle 
cycle, they are inputs and are used by the 82C237 to address the control register to be loaded or 
read. In the Active cycle, they are outputs and provide the lower 4 bits of the output address. When 
in 16-bit mode (82C237 only), and the active channel is a 16-bit channel (as defined by the Data- 
Width register), then AO will remain low during the entire transfer (i.e. an even word address will 
always be generated). 

A4-A7 

37-40 

O 

ADDRESS: The four most significant address lines are three-state outputs and provide 4 bits of 
address. These lines are enabled only during the DMA service. 

HRQ 

10 

o 

HOLD REQUEST: The Hold Request (HRQ) output is used to request control of the system bus. 
When a DREQ occurs and the corresponding mask bit is clear, or a software DMA request is 
made, the 82C237 issues HRQ. The HLDA signal then informs the controller when access to the 
system busses is permitted. For stand-alone operation where the 82C237 always controls the 
busses, HRQ may be tied to HLDA. This will result in one SO state before the transfer. 

DACKO- 

DACK3 

14,15 

24,25 

o 

DMA ACKNOWLEDGE: DMA acknowledge is used to notify the individual peripherals when one 
has been granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to 
active low. 

AEN 

9 

o 

ADDRESS ENABLE: Address Enable enables the 8-bit latch containing the upper 8 address bits 
onto the system address bus. AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 

ADSTB 

8 

o 

ADDRESS STROBE: This is an active high signal used to control latching of the upper address 
byte. It will drive directly the strobe input of external transparent octal latches, such as the 82C82. 
During block operations, ADSTB will only be issued when the upper address byte must be up¬ 
dated, thus speeding operation through elimination of SI states. ADSTB timing is referenced to the 
falling edge of the 82C237 clock. 

MEMR 

3 

o 

MEMORY READ: The memory Read signal is an active low three-state output used to access 
data from the selected memory location during a DMA Read ora memory-to-memory transfer. 


4 

o 

MEMORY WRITE: The Memory Write is an active low three-state output used to write data to the 
selected memory location during a DMA Write or a memory-to-memory transfer. 

DWLE 

5 

o 

DATA-WIDTH, LATCH ENABLE: In normal 8-bit transfer mode (16-bit transfer mode not enabled), 
this output is always high impedance tri-stated. In 16-bit transfer mode (82C237 only), this output 
serves a dual purpose. During SI cycles, the DWLE output indicates the data width 
(0 = 16-bit, 1 = 8-bit) of the active channel. During memory-to-memory transfers, the DWLE 
output is used to enable an external latch which temporarily stores the 8 most significant bits of 
data during the read-from-memory transfer. DWLE enables this byte of data onto the data bus 
during the write-to-memory transfer of a memory-to-memory operation. 
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Functional Description 

The 82C237 is an improved version of the Harris 82C37A 
DMA controller and is fully software and pin for pin 
compatible with the 82C37A. All operational and pin 
descriptions of the 82C37A apply to the 82C237 with 
additional features noted in the section titled 82C237 
Operation. 

The 82C237 direct memory access controller is designed to 
improve the data transfer rate in systems which must trans¬ 
fer data from an I/O device to memory, or move a block of 
memory to an I/O device. It will also perform memory-to- 
memory block moves, or fill a block of memory with data 
from a single location. Operating modes are provided 
to handle single byte transfers as well as discontinuous 
data streams, which allows the 82C237 to control data 
movement with software transparency. 

The DMA controller is a state-driven address and control 
signal generator, which permits data to be transferred 
directly from an I/O device to memory or vice versa without 
ever being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor move or repeated string instruc¬ 
tions. Memory-to-memory operations require temporary 
internal storage of the data byte between generation of the 
source and destination addresses, so memory-to-memory 
transfers take place at less than half the rate of I/O 
operations, but still much faster than with central processor 
techniques. The maximum data transfer rates obtainable 
with the 82C237 are shown in Figure 1. 

The block diagram of the 82C237 is shown on page 2. The 
timing and control block, priority block, and internal 
registers are the main components. Figure 2 lists the name 
and size of the internal registers. The timing and control 
block derives internal timing from the clock input, and 
generates external control signals. The Priority Encoder 
block resolves priority contention between DMA channels 
requesting service simultaneously. 



8MHz 

12.5MHz 


82C237 


16- 

8- 

16- 


TRANSFER TYPE 


BIT 

BIT 

BIT 

UNIT 

Compressed 

4.00 

8.00 

6.25 



Normal I/O 

2.67 

5.34 

4.17 



Memory-to- 

Memory 

1.00 

2.00 

1.56 

3.12 

MByte/sec 


FIGURE 1. DMA TRANSFER RATES 


DMA Operation 

In a system, the 82C237 address and control outputs and 
data bus pins are basically connected in parallel with the 
system busses. An external latch is required for the upper 
address byte. While inactive, the controller’s outputs are in a 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the 82C237 
drives the busses and generates the control signals to 


perform the data transfer. The operation performed by 
activating one of the four DMA request inputs has previously 
been programmed into the controller via the Command, 
Mode, Address, and Word Count registers. 

For example, if a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the 82C237 Current and Base Address registers for a 
particular channel, and the length of the block is loaded into 
that channel’s Word Count register. The corresponding 
Mode register is programmed for a memory-to-l/0 
operation (read transfer), and various options are selected 
by the Command register and other Mode register bits. The 
channel’s mask bit is cleared to enable recognition of a 
DMA request (DREQ). The DREQ can either be a hardware 
signal or a software command. 

Once initiated, the block DMA transfer will proceed as the 
cont roller outputs the data address, simultaneous MEMR 
and low pulses, and selects an I/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the I/O device. After each byte is 
transferred, the address is automatically incremented (or 
decremented) and the word count is decremented. The 
operation is then repeated for the next byte. The controller 
stops transferring data when the Word Count register 
underflows, or an external EOP is applied. 


NAME 

SIZE 

NUMBER 

Base Address Registers 

16 Bits 

4 

Base Word Count Registers 

16 Bits 

4 

Current Address Registers 

16 Bits 

4 

Current Word Count Registers 

16 Bits 

4 

Temporary Address Register 

16 Bits 

1 

Temporary Word Count Register 

16 Bits 

1 

Status Register 

8 Bits 

1 

Command Register 

8 Bits 

1 

Temporary Register 

8 Bits 

1 

Mode Registers 

6 Bits 

4 

Mask Register 

4 Bits 

1 

Request Register 

4 Bits 

1 

Data-Width Register* 

4 Bits 

1 


*82C237 only 


FIGURE 2. 82C237 INTERNAL REGISTERS 

To further understand 82C237 operation, the states 
generated by each clock cycle must be considered. The 
DMA controller operates in two major cycles, active and 
idle. After being programmed, the controller is normally idle 
until a DMA request occurs on an unmasked channel, or a 
software request is given. The 82C237 will then request 
control of the system busses and enter the active cycle. 
The active cycle is composed of several internal states, 
depending on what options have been selected and what 
type of operation has been requested. 
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The 82C237 can assume seven separate states, each 
composed of one full clock period. State I (SI) is the idle 
state. It is entered when the 82C237 has no valid DMA 
requests pending, at the end of a transfer sequence, or 
when a Reset or Master Clear has occurred. While in SI, 
the DMA controller is inactive but may be in the Program 
Condition (being programmed by the processor). 

State 0 (SO) is the first state of a DMA service. The 82C237 
has requested a hold but the processor has not yet returned 
an acknowledge. The 82C237 may still be programmed 
until it has received HLDA from the CPU. An acknowledge 
from the CPU will signal that DMA transfers may begin. SI, 
S2, S3 and S4 are the working states of the DMA service. If 
more time is needed to complete a transfer than is available 
with normal timing, wait states (SW) can be inserted 
between S3 and S4 in normal transfers by the use of the 
Ready line on the 82C237. For compressed transfers, wait 
states can be inserted between S2 and S4. See timing 
Figures 14 and 15. 

Note that the data is transferred dire ctly from the I/O device 
to memory (or vice versa) with lOR and MEMW (or MEMR 
and lOW) being active at the same time. The data is not read 
into or driven out of the 82C237 in l/O-to-memory or 
memory-to-l/0 DMA transfers. 

Memory-to-memory transfers require a read-from and a 
write-to memory to complete each transfer. The states, 
which resemble the normal working states, use two-digit 
numbers for identification. Eight states are required for a 
single transfer. The first four states (S11, SI 2, SI 3, S14 are 
used for the read-from-memory half and the last four states 
(S21, S22, S23, S24) for the write-to-memory half of the 
transfer. 

Idle Cycle 

When no channel is requesting service, the 82C237 will 
enter the Idle cycle and perform “SI” states. In this cycle, the 
82C237 will sample the DREQ lines on the falling edge of 
every clock cycle to determine if any channel Is requesting a 
DMA service. 

Note that for standby operation where the clock has been 
stopped, Dl^ requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
82C237. When CS is low and HLDA is low, the 82C237 
enters the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part by 
reading from or writing to the internal registers. 

The 82C237 may be programmed with the clock stopped, 
provided that HLDA is low and at least one rising clock 
edge has occurred after HLDA was driven low, so the 
controller is in an SI state. Address lines A0-A3 are Inputs to 
the devic e an d sel ect which registers will be read or written. 
The lOR and lOW lines are used to select and time the read 
or write operations. Due to the number and size of the 
internal registers, an internal flip-flop called the First/Last 
Flip-Flop is used to generate an additional bit of address. 
The bit is used to determine the upper or lower byte of the 
16-bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. Separate software 
commands can also set or reset this flip-flop. 


Special software commands can be executed by the 
82C237 in the Program Condition. Th ese c om mands are 
decoded as sets of addresses with CS, lOR, and lOW. The 
commands do not make use of the data bus. Instructions 
include Set and Clear First/Last Flip-Flop, Master Clear, 
Clear Mode Register Counter, and Clear Mask Register. 

Active Cycle 

When the 82C237 is in the Idle cycle, and a software 
request or an unmasked channel requests a DMA service, 
the device will issue HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA service will 
take place, in one of four modes: 

Single Transfer Mode - In single transfer mode, the device 
is programmed to make one transfer only. The word 
countwill be decremented and the address decremented or 
incremented following each transfer. When the word count 
“rolls over” from zero to FFFF H, a terminal count bit in the 
status register is set, an EOP pulse is generated, and the 
channel will autoinitialize if this option has been selected. If 
not programmed to autoi nitializ e, the mask bit will be set, 
along with the TC bit and EOP pulse. 

DREQ must be held active until DACK becomes active. If 
DREQ is held active throughout the single transfer, HRQ 
will go inactive and release the bus to the system. It will 
again go active and, upon receipt of a new HLDA, another 
single transfer will be performed, unless a higher priority 
channel takes over. In 8080A, 8085A, 80C88, or 80C86 
systems, this will ensure one full machine cycle execution 
between DMA transfers. Details of timing between the 
82C237 and other bus control protocols will depend upon 
the characteristics of the microprocessor involved. 

Block Transfer Mode - In Block Transfer mode, the device 
is activated by DREQ or software request and continues 
making transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of Process 
(EQP) is encountered. DREQ need only be held active until 
DACK becomes active. Again, an Autoinitialization will 
occur at the end of the service if the channel has been 
programmed for that option. 

Demand Transfer Mode - In Demand Transfer mode the 
devic e continues making transfers until a TC or external 
EQP is encountered, or until DREQ goes inactive. Thus, 
transfers may continue until the l/Q device has exhausted 
its data capacity. After the l/Q device has had a chance to 
catch up, the DMA service is reestablished by means of a 
DREQ. During the time between services when the 
microprocessor is allowed to operate, the intermediate val¬ 
ues of address and word count are stored in the 82C237 
Current Address and Current Word Count registers. Higher 
priority channels may intervene in the dem and process, 
once DREQ has gone Inactive. Qnly an E QP c an cause an 
Autoinitialization at the end of the service. EQP is generated 
either by TC or by an external signal. 

Cascade Mode - This mode is used to cascade more than 
one 82C237 for simple system expansion. The HRQ and 
HLDA signals from the additional 82C237 are connected to 
the DREQ and DACK signals respectively of a channel for 
the initial 82C237. This allows the DMA requests of the 
additional device to propagate through the priority network 
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circuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn to 
acknowledge requests. Since the cascade channel of the 
initial 82C237 is used only for prioritizing the additional 
device, it does not output an address or control signals of its 
own. These could conflict with the outputs of the active 
channel In the added device. The initial 82C237 will 
respond to DREQ and generate DACK but all other outputs 
except HRQ will be disabled. An external EOP will be 
ignored by the initial device, but will have the usual effect on 
the added device. 

Figure 3 shows two additional devices cascaded with an 
initial device using two of the initial device’s channels. This 
forms a two-level DMA system. More 82C237s could be 
added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 


2ND LEVEL 



ADDITIONAL 

DEVICES 


FIGURE 3. CASCADED 82C237S 

When programming cascaded controllers, start with the first 
level device (closest to the microprocessor). After RESET, 
the DACK outputs are programmed to be active low and are 
held in the high state. If they are used to drive HLDA directly, 
the second level device(s) cannot be programmed until 
DACK polarity is selected as active high on the initial device. 
Also, the initial device’s mask bits function normally 
on cascaded channels, so they may be used to inhibit 
second-level services. 

Transfer Types 

Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and 
Verify. Write transfers move dat a fro m an I/O device to the 
memory by activating MEMW and lOR. Read transfers 
move data from memory to an I/O device by activating 
MEMR and lOW. 

Verify transfers are pseudo-transfers. The 82C237 
operates as in Read or Write transfers generating 


addresses and responding to EOP, etc., however the 
memory and I/O control lines all remain inactive. Verify 
mode is not permitted for memory-to-memory operation. 
Ready is ignored during verify transfers. 

Autoinitialize - By setting bit 4 in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitialization, the original values of the Current Address 
and Current Word Count registers are automatically 
restored from the Base Address and Base Word Count 
registers of that channel following EOP. The base registers 
are loaded simultaneously with the current registers by the 
microprocessor and remain unchanged throughout the 
DMA service. The mask bit is not set when the channel is in 
Autoinitialize mode. Following Autoinitialization, the channel 
is ready to perform another DMA service, without CPU 
intervention, as soon as a valid DREQ is detected, or 
software request made. 

Memory-to-Memory - To perform block moves of data 
from one memory address space to another with minimum 
of program effort and time, the 82C237 includes a memory- 
to-memory transfer feature. Setting bit 0 in the Command 
register selects channels 0 and 1 to operate as memory-to- 
memory transfer channels. 

The transfer is initiated by setting the software or hardware 
DREQ for channel 0. The 82C237 requests a DMA service 
in the normal manner. After HLDA is true, the device, using 
four-state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the 82C237 internal Temporary 
register. Another four-state transfer moves the data to 
memory using the address in channel one’s Current 
Address register and incrementing or decrementing it in 
the normal manner. The channel 1 Current Word Count is 
decremented. 

When the word count of channel 1 de crements to FFFFH, 
a TC is generated causing an EOP output, terminating 
the service, and setting the channel 1 TC bit in the Status 
register. The channel 1 mask bit will also be set, unless 
the channel 1 mode register is programmed for 
autoinitialization. Channel 0 word count decrementing to 
FFFFH will not set the channel 0 TC bit in the status register 
or generate an EOP, or set the channel 0 mask bit in this 
mode. It will cause an autoinitialization of channel 0, if that 
option has been selected. 

If full Autoinitialization for a memory-to-memory operation 
is desired, the channel 0 and channel 1 word counts must 
be set to equal values before the transfer begins. Otherwise, 
if channel 0 underflows before channel 1, it will autoinitialize 
and set the data source address back to the beginning of 
the block. If the channel 1 word count underflows before 
channel 0, the memory-to-memory DMA service will termi¬ 
nate, and channel 1 will autoinitialize but channel 0 will not. 

In memory-to-memory mode, Channel 0 may be pro¬ 
grammed to retain the same address for all transfers. This 
allows a single byte to be written to a block of memory. This 
channel 0 address hold feature is selected by setting bit 1 in 
the Command register. 
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The 82C237 will respond to external EOP signals during 
memory-to-memory transfers, but will only relinquish the 
system busses after the transfer is complete (i.e., a fter an 
S24 state). It should be noted that an external EOP cannot 
cause the channel 0 Address and Word Count registers to 
autoinitialize, even if the Mode regis ter is programmed for 
autoinitialization. An external EOP will autoinitialize the 
channel 1 registers, if so programm ed. Da ta comparators in 
block search schemes may use the EOP input to terminate 
the service when a match is found. The timing of memory- 
to-memory transfers is found in Figure 13. Memory-to- 
memory operations can be detected as an active AEN with 
no DACK outputs. 

Priority - The 82C237 has two types of priority encoding 
available as software selectable options. The first is Fixed 
Priority which fixes the channels in priority order based 
upon the descending value of their numbers. The channel 
with the lowest priority is 3 followed by 2,1 and the highest 
priority channel, 0. After the recognition of any one channel 
for service, the other channels are prevented from interfering 
with the service until it is completed. 

The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel with the 
others rotating accordingly. The next lower channel from 
the channel serviced has highest priority on the following 
request. Priority rotates every time control of the system 
busses is returned to the processor. 


Rotating Priority 

1st 2nd 3rd 

Service Service Service 



With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recognized 
after no more than three higher priority services have 
occurred. This prevents any one channel from monopolizing 
the system. 

Regardless of which priority scheme is chosen, priority is 
evaluated every time a HLDA is returned to the 82C237. 

Compressed Timing - In order to achieve even greater 
throughput where system characteristics permit, the 
82C237 can compress the transfer time to two clock 
cycles. From Figure 12 it can be seen that state S3 is used 
to extend the access time of the read pulse. By removing 
state S3, the read pulse width is made equal to the write 
pulse width and a transfer consists only of state S2 to 
change the address and state S4 to perform the read/write. 
SI states will still occur when A8-A15 need updating (see 
Address Generatio n). Ti ming for compressed transfers is 
found in Figure 15. EOP will be output in S2 if compressed 
timing is selected. Compressed timing is not allowed for 
memory-to-memory transfers. 

Address Generation - In order to reduce pin count, the 
82C237 multiplexes the eight higher order address bits on 


the data lines. State SI is used to output the higher order 
address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) is used to load these bits from the data 
lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by the 82C237 
directly. Lines A0-A7 should be connected to the address 
bus. Figure 12 shows the time relationships between CLK, 
AEN, ADSTB, DB0-DB7 and A0-A7. 

During Block and Demand Transfer mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 
change when a carry or borrow from A7 to A8 takes place 
in the noi'mal sequence of addresses. To save time and 
speed transfers, the 82C237 executes SI states only when 
updating of A8-A15 in the latch is necessary. This means 
for long services, SI states and Address Strobes may occur 
only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 

Pro gram min g 

The 82C237 will accept programming from the host 
processor anytime that HLDA is inactive, and at least one 
rising clock edge has occurred after HLDA went low. It is 
the responsibility of the host to assure that programming 
and HLDA are mutually exclusive. 

Note that a problem can occur if a DMA request occurs 
on an unmasked channel while the 82C237 is being 
programmed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channel 1 when 
channel 1 receives a DMA request. If the 82C237 is 
enabled (bit 2 in the Command register is 0), and channel 1 
is unmasked, a DMA service will occur after only one byte 
of the Address register has been reprogrammed. This 
condition can be avoided by disabling the controller (setting 
bit 2 in the Command register) or masking the channel 
before programming any of its registers. Once the program¬ 
ming is complete, the controller can be enabled/unmasked. 

After power-up it is suggested that all internal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 

Register Description 

Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. The address is 
automatically incremented or decremented by one after 
each transfer and the values of the address are stored in the 
Current Address register during the transfer. This register is 
written or read by the microprocessor in successive 8-bit 
bytes. See Figure 6 for programming information. It 
may also be reinitialized by an Autoinitialize back to its or igi- 
nal value. Autoinitialize takes place only after an EOP. In 
memory-to-memory mode, the channel 0 Current Address 
register can be prevented from incrementing or 
decrementing by setting the address hold bit in the 
Command register. 
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Current Word Count Register - Each channel has a 
16-Bit Current Word Count register. This register deter¬ 
mines the number of transfers to be performed. The actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e., 
programming a count of 100 will result in 101 transfers). 
The word count is decremented after each transfer. When 
the value in the register goes from zero to FFFFH, a TC will 
be generated. This register is loaded or read in successive 
8-bit bytes by the microprocessor in the Program 
Condition. See Figure 6 for programming information. 
Following the end of a DMA service it may also be 
reinitialized by an Autoinitialization back t o its o riginal value. 
Autoinitialization can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of FFFFH 
after TC. 

Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word Count 
registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialize 
these values are used to restore the current registers to their 
original values. The base registers are written simultaneously 
with their corresponding current register in 8-bit bytes in 
the Program Condition by the microprocessor. See Figure 6 
for programming information. These registers cannot be 
read by the microprocessor. 

Command Register - This 8-bit register controls the 
operation of the 82C237. It is programmed by the 
microprocessor and is cleared by Reset or a Master Clear 
instruction. The following diagram lists the function of the 
Command register bits. See Figure 4 for Read and Write 
addresses. 


Mode Register - Each channel has a 6-bit Mode register 
associated with it. When the register is being written to by 
the microprocessor in the Program Condition, bits 0 and 1 
determine which channel Mode register is to be written. 
When the processor reads a Mode register, bits 0 and 1 will 
both be ones. See the following diagram and Figure 4 for 
Mode register functions and addresses. 

Mode Register 



Bit Number 

Channel 0 select 
Channel 1 select 
Channel 2 select 
Channel 3 select 
Readback 

Verify transfer 
Write transfer 
Read transfer 
Illegal 

If bits 6 and 7=11 

Autoinitialization disable 
Autoinitialization enable 

Address increment select 
Address decrement select 

Demand mode select 
Single mode select 
Block mode select 
Cascade mode select 


Command Register 



Bit Number 

Memory - to - memory disable 
Memory - to - memory enable 

Channel 0 address hold disable 
Channel 0 address hold enable 
If bit 0= 0 

Controller enable 
Controller disable 

Normal timing 
Compressed timing 
If bit 0= 1 

Fixed priority 
Rotating priority 

Late write selection 
Extended write selection 
If bit 3= 1 

DREQ sense active high 
DREQ sense active low 

DACK sense active low 
DACK sense active high 


Request Register - The 82C237 can respond to requests 
for DMA service which are initiated by software as well as 
by a DREQ. Each channel has a request bit associated with 
it in the 4-bit Request register. These are non-maskable 
and subject to prioritization by the Priority Encoder network. 
Each register bit is set or reset separately under software 
control. The entire register is cleared by a Reset or Master 
Clear instruction. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for register ad¬ 
dress coding, and the following diagram for Request regi¬ 
ster format. A software request for DMA operation can be 
made in block or single modes. For memory-to-memory 
transfers, the software request for channel 0 should be set. 
When reading the Request register, bits 4-7 will always 
read as ones, and bits 0-3 will display the request bits of 
channels 0-3 respectively. 

Request Register 



Don’t Care, 
Write 
Bits 4 -7 
All Ones, 
Read 



Bit Number 

[oo 

Select channel 0 

Joi 

Select channel 1 

ilo 

Select channel 2 

111 

Select channel 3 

Jo 

Reset request bit 


Set request bit 
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Mask Register - Each channel has associated with it a mask 
bit which can be set to disable an incoming DREQ. Each 
mask bit is set when its associated channel produces an EOP 
if the channel is not programmed to Autoinitialize. Each bit of 
the 4-bit Mask register may also be set or cleared separately 
or simultaneously under software control. The entire register is 
also set by a Reset or Master Clear. This disables all hardware 
DMA requests until a Clear Mask Register instruction allows 
them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. Refer to the following diagram and Figure 4 for 
details. When reading the Mask register, bits 4-7 will always 
read as logical ones, and bits 0-3 will display the mask bits of 
channels 0-3, respectively. The 4 bits of the mask register 
may be cleared simultaneously by using the Clear Mask 
Register command (see software commands section). 


Status Register - The Status register is available to be 
read out of the 82C237 by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached a 
terminal count and which channels have pending DMA 
requests. Bits 0-3 are set every time a TC is reached by that 
channel or an external EOP is applied. These bits are 
cleared upon Reset, Master Clear, and on each Status 
Read. Bits 4-7 are set whenever their corresponding 
channel is requesting service, regardless of the mask bit 
state. If the mask bits are set, software can poll the Status 
register to determine which channels have DREQs, and 
selectively clear a mask bit, thus allowing user defined 
service priority. Status bits 4-7 are updated while the clock 
is high, and latched on the falling edge. Status Bits 4-7 are 
cleared upon Reset or Master Clear. 


Mask Register 

|7|6|5|4|3|2|1|0| 


Don’t Care 


Bit Number 

i OO Select channel 0 mask bit 
01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11 Select channel 3 mask bit 


H O Clear mask bit 
1 Set mask bit 

All four bits of the Mask register may also be written with a 
single command. 



Bit Number 


Status Register 

I 7| 6| 5| 4| 3| 2| 1 |o| Bit Number 


1 Channel 0 has reached TC 
1 Channel 1 has reached TC 
-1 Channel 2 has reached TC 
-1 Channel 3 has reached TC 

-1 Channel 0 request 

-1 Channel 1 request 

-1 Channel 2 request 

-1 Channel 3 request 

Temporary Register - The Temporary register is used to 
hold data during memory-to-memory transfers. Following 
the completion of the transfers, the last byte moved can be 
read by the microprocessor. The Temporary register always 
contains the last byte transferred in the previous memory-to- 
memory operation, unless cleared by a Reset or Master Clear. 


OPERATION 

A3 

A2 

A1 

AO 

lOR 

low 

Read Status Register 

1 

0 

0 

0 

0 

1 

Write Command Register 

1 

0 

0 

0 

1 

0 

Read Request Register 

1 

0 

0 

1 

0 

1 

Write Request Register 

1 

0 

0 

1 

1 

0 

Read Command Register 

1 

0 

1 

0 

0 

1 

Write Single Mask Bit 

1 

0 

1 

0 

1 

0 

Read Mode Register 

1 

0 

1 

1 

0 

1 

Write Mode Register 

1 

0 

1 

1 

1 

0 

Set First/Last F/F 

1 

1 

0 

0 

0 

1 

Clear First/Last F/F 

1 

1 

0 

0 

1 

0 

Read Temporary Register 

1 

1 

0 

1 

0 

1 

Master Clear 

1 

1 

0 

1 

1 

0 

Clear Mode Reg. Counter 

1 

1 

1 

0 

0 

1 

Clear Mask Register 

1 

1 

1 

0 

1 

0 

Read All Mask Bits 

1 

1 

1 

1 

0 

1 

Write All Mask Bits 

1 

1 

1 

1 

1 

0 


FIGURE 4. SOFTWARE COMMAND CODES AND REGISTER CODES 
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Software Commands 

There are special software commands which can be 
executed by reading or writing to the 82C237. These 
commands do not depend on the specific data pattern on 
the data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 

Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 82C237. This command initializes the 
flip-flop to a known state {low byte first) so that subsequent 
accesses to register contents by the microprocessor will 
address upper and lower bytes in the correct sequence. 

Set First/Last Flip-Flop: This command will set the flip- 
flop to select the high byte first on read and write operations 
to address and word count registers. 

Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. The 82C237 will enter the Idle cycle. 

Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 

Clear Mode Register Counter: Since only one address 
location is available for reading the Mode registers, an 
internal two-bit counter has been Included to select Mode 
registers during read operations. To read the Mode 
registers, first execute the Clear Mode Register Counter 
command, then do consecutive reads until the desired 
channel is read. Read order is channel 0 first, channel 3 last. 
The lower two bits on all Mode registers will read as ones. 

Externa! EOF Operation 

The EOF pin is a bidirectional, open drain pin which may be 
driven by exte rnal signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up 
resistor to VCC is required. The value of the external pull-up 
resistor used should guarantee a rise time of less than 
125ns. It is im porta nt to note that the 82C237 will not 
accept external EOP signals when it is in an SI (Idle ) state. 
The controller must be active to latch EXT EOP. Once 
latched, the EXT EOP will be acted upon during the next S2 
state, unless the 82C 237 e nters an idle state first. In the 
latter case, the latched EOP is cleared. External EOP pulses 
occurring between active DMA transfers in demand mode 
will not be recognized, since the 82C237 is in an SI state. 

16-Bit Transfer Mode 

The 82C237 is fully software and pin for pin compatible with 
the 82C37A. Therefore, the 82C237 may be used as a 
faster 82C37A without modifications to software or hard¬ 
ware. The 82C237 may be used as an 82C37A, however, 
the 82C237 has an additional feature in that it may 
be programmed to perform 16-bit DMA transfers, thus 
doubling data transfer rate. In 16-bit transfer mode the 
device operates the same as in normal (8-bit) transfer mode 
with exceptions noted in this section. 


16-Bit Transfer Mode Initialization - To initialize the 
82C237 to 16-bit Transfer Mode, a specific sequence 
of software commands must be written to the device 
immediately after a hardware Reset or a Master Clear 
instruction. The sequence to initialize 16-bit Transfer Mode 
is as follows: 

1) Hardware Reset or Master Clear 

2) Set First/Last Flip-Flop 

3) Clear First/Last Flip-Flop 

These software commands must occur sequentially with no 
communication to or from the 82C237 between commands. 
Once in 16-bit mode, the device will remain in this mode 
until a hardware Reset or Master Clear sets it back to 
normal (8-bit) transfer mode. If this initialization sequence is 
not followed exactly, the 82C237 will operate exactly like 
the 82C37A or the 82C237 in normal 8-bit mode. 

16-Blt DMA Transfers - In 16-bit transfer mode, each 
DMA channel may be programmed to perform 8-bit or 
16-bit transfers. Channels which are programmed to 
perform 8-bit transfers will operate like a normal 82C37A 
transfer. On channels programmed to perform 16-blt 
transfers, the Current Address register, which is normally 
incremented or decremented by one after each transfer, is 
incremented or decremented by two after each transfer. 
Also, the Current Word Count register, which is normally 
decremented by one after each transfer, is decremented by 
two after each transfer. 

16-Blt Memory-to-Memory Transfers - 16-bit memory- 
to-memory transfers require an external latch to temporarily 
store the 8 most significant bits of data. When 16-bit 
transfer mode is enabled. Pin 5 (DWLE) becomes an active 
output which may be used to enable the external data latch 
during memory-to-memory operations. See Figure 9 for 
a 16-bit DMA application. Channels 0 and 1 operate as 
memory-to-memory transfer channels. If either channel 0 
or channel 1 is programmed to perform 16-bit transfers 
when a memory-to-memory transfer is initiated, the transfer 
will be a 16-blt transfer. If 8-bit memory-to-memory 
transfers are desired while the 82C237 is in 16-bit transfer 
mode, channels 0 and 1 must both be programmed for 8-blt 
transfers. 

Pin 5 DWLE Output - When the 82C237 is not initialized 
to 16-bit transfer mode, pin 5 is always high impedance 
tri-stated. This insures compatibility with the 82C37A pin 5 
description. In 16-bit transfer mode, this output becomes 
active and serves a dual purpose. 

During the SI cycle of a transfer, the DWLE output indicates 
the data width (0=16-bit, 1 = 8-bit) of the active channel. 
This signal may be used with the AO output to generate a 
High Byte Enable signal for use in chip select decode logic. 
Since DWLE is a multiplexed pin. Data Width information 
needs to be captured in an external latch on the falling edge 
of ADSTB. See Figure 9 for a 16-bit DMA application. 

During memory-to-memory transfers, the DWLE output is 
used to enable an external latch which temporarily stores 
the 8 most significant bits of data during the read-from- 
memory half of the transfer. DWLE enables this byte of data 
onto the data bus during the write-to-memory half of the 
transfer. See Figure 9 for a 16-bit DMA application. 
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If an active channel is cascaded, as defined by its mode 
register, DWLE will be driven low at the start of the transfer, 
and will remain low for the entire transfer. This aliows the 
DWLE signal from the slave 82C237 to control the system. 
To form the system DWLE signal for cascaded 82C237s, 
simply “OR” the individual DWLE outputs of the Master and 
Slaves. 


8-bit transfers or 16-bit transfers. Data bits 4-7 represent 
DREQ channels 0-3 respectively and determine the data 
width {8-bit or 16-bit) of each channel during DMA 
transfers. When programming this register, bit 3 of the data 
must be set to “0”. Since the address of the Data-Width 
register is the same as the Mask register, bit 3 selects which 
register is actually written. 


Registers Affected By 16-Bit 
Transfer Mode 

Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. On channels 
programmed to perform 8-bit DMA transfers, the address is 
automatically incremented or decremented by one after 
each transfer. On channels programmed for 16-bit DMA 
transfers, the address is automatically incremented or 
decremented by two after each transfer. 

During all 16-bit transfers, the AO output will remain low for 
the entire transfer, even if an odd address is programmed 
into the channel’s Current Address register (i.e. only even 
word addresses will be generated). 

The Current Address register is written or read by the 
microprocessor in successive 8-bit bytes. See Figure 6 for 
programming information. It may also be reinitialized by an 
Autoinitialize back to its original value. Autoinitialize takes 
place only after an EOP. In memory-to-memory mode, the 
channel 0 Current Address register can be prevented from 
incrementing or decrementing by setting the address hold 
bit in the Command register. 

Current Word Count Register - Each channel has a 
16-bit Current Word Count register. This register 
determines the number of transfers to be performed. On 
channels programmed for 8-bit transfers, the actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e. 
programming a count of 100 will result in 101 transfers). 
The word count is decremented by one after each transfer 
on 8-bit transfer channels. 

On channels programmed for 16-bit transfers, the word 
count is decremented by two after each transfer. This 
means that for even values in the Current Word Count 
register, the actual number of transfers will be n/2 + 1, 
where n is the value in the Current Word Count register. For 
odd values in this register, the actual number of transfers 
will be (n+1)/2. When the value in the Current Word Count 
register decrements past zero (i.e. 0 to FFFEH or 1 to 
FFFFH), a TC will be generated. 

This register is loaded or read in successive 8-bit bytes by 
the microprocessor in the Program Condition. See Figure 6 
for programming information. Following the end of a DMA 
service it may also be reinitialized by an Autoinitialization 
back to i ts ori ginal value. Autoinitialization can occur only 
when an EOP occurs. If it is not Autoinitlalized, this register 
will have a count of FFFFH after TC on 8-bit transfers, or 
FFFEH after TC on 16-bit transfers. 

Data-Width Register - When 16-bit transfer mode is 
enabled, the Data-Width register becomes accessible and 
is used to program each DMA channel to perform either 


Data-Width Register - 16-bit transfer mode enabled 



Bit Number 


Don’t Care 

Must be 0 to write all 
data - width bits 

Channel 0 = 16 - bit transfers 
Channel 0 = 8 - bit transfers 

Channel 1 = 16 - bit transfers 
Channel 1 = 8 - bit transfers 

Channel 2 = 16 - bit transfers 
Channel 2 = 8 - bit transfers 

Channel 3 = 16 - bit transfers 
Channel 3 = 8 - bit transfers 


Mask Register - In 16-bit transfer mode this register 
operates the same as the previous Mask register description 
with the exception of bit 3 when writing the instruction to 
separately set or clear a mask bit. Bit 3 of the data must be 
“1” when writing a single mask bit. Bits 4-7 are ignored 
when this instruction is written. Refer to the following 
diagram for writing single mask bits. 

Mask Register - 16-bit transfer mode enabled 



Bit Number 

Select channel 0 mask bit 
Select channel 1 mask bit 
Select channel 2 mask bit 
Select channel 3 mask bit 

Clear mask bit 
Set mask bit 

Must be 1 to write single 
mask bit 


The software command to write all four bits of the Mask 
register has no affect on the state of the Data-Width bits. 

When reading the Mask/Data-Width register (they share 
the same address), bits 0-3 will always display the mask 
bits of channels 0-3, respectively. With 16-bit transfer 
mode not enabled, bits 4-7 will always read as logical ones. 
With 16-bit transfer mode enabled, bits 4-7 will display the 
data-width bits for channels 0-3 respectively. 
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The Mask and Data-Width registers are set by Reset or 
Master Clear. This disables all hardware DMA requests until 
a clear mask bit instruction allows them to be recognized. 
Reset or Master Clear forces the Mask and Data-Width 
registers to operate as in normal mode (Data-Width register 
not accessible) until 16-bit transfer mode is again entered. 
The four mask bits may also be cleared simultaneously by 
using the Clear Mask Register command (see software 
commands section). This command has no effect on the 
data-width bits. 

Temporary Register - The internal Temporary register 
is used to hold data during memory-to-memory transfers. 
Following the completion of the transfers, the last byte 
moved can be read by the microprocessor. In the case of 
16-bit transfers, only the least significant 8 bits of the last 
word transferred are stored in this register. The Temporary 
register always contains the last byte transferred in the 
previous memory-to-memory operation, unless cleared by 
a Reset or Master Clear. 


OPERATION 

A3 

A2 

A1 

AO 

lOR 


Read Status Register 

1 

0 

0 

0 

0 

1 

Write Command Register 

1 

0 

0 

0 

1 

0 

Read Request Register 

1 

0 

0 

1 

0 

1 

Write Request Register 

1 

0 

0 

1 

1 


Read Command Register 

1 

0 

1 

0 

0 


Write Single Mask Bit (Note 1) 

1 

0 

1 

0 

1 


Write All Data-Width Bits (Notes 1,2) 

1 

0 

1 

0 

1 


Read Mode Register 

1 

0 

1 

1 

0 


Write Mode Register 

1 

0 

1 

1 

1 


Set First/Last F/F 

1 

1 

0 

0 

0 

1 

Clear First/Last F/F 

1 

1 

0 

0 

1 

0 

Read Temporary Register 

1 

1 

0 

1 

0 

1 

Master Clear 

1 

1 

0 

1 

1 

0 

Clear Mode Reg. Counter 

1 

1 

1 

0 

0 

1 

Clear Mask Register 

1 

1 

1 

0 

1 

0 

Read All Mask/Data-Width Bits (Note 2) 

1 

1 

1 

1 

0 

1 

Write All Mask Bits 

1 

1 

1 

1 

1 

0 


NOTES 1 The register to be written is determined by data bit 3 
2 Data-Width bits exist in 82C237, 16-bit mode only. 


FIGURE 5. 16-BIT MODE SOFTWARE COMMAND CODES AND REGISTER CODES 


Software Commands Affected by 
16-Bit Mode 

Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. When the Master Clear instruction occurs 
while in 16-bit transfer mode, the 82C237 enters normal 
(8-bit) transfer mode in the Idle cycle. 

Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 
This command has no effect on data-width bits in 16-bit 
transfer mode. 
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CHANNEL 


0 





REGISTER 

OPERATION 

Base and Current 
Address 

Write 

Current Address 

Read 

Base and Current 
Word Count 

Write 

Current Word Count 

Read 

Base and Current 
Address 

Write 

Current Address 

Read 

Base and Current 
Word Count 

Write 

Current Word Count 

Read 

Base and Current 
Address 

Write 

Current Address 

Read 

Base and Current 
Word Count 

Write 

Current Word Count 

Read 

Base and Current 
Address 

Write 

Current Address 

Read 

Base and Current 
Word Count 

Write 

Current Word Count 

Read 


SIGNALS 


low A3 


FIRST/LAST 

FLIP-FLOP 

STATE 


DATA BUS 
DB0-DB7 



W0-W7 

W8-W15 


W0-W7 

W8-W15 

W0-W7 

W8-W15 


FIGURE 6. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
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Application Information 

Figure 7 shows an application for a DMA system 
utilizing the 82C237 DMA controller and the 80C88 
Microprocessor. In this application, the 82C237 DMA 
controller is used to improve system performance by 
allowing an I/O device to transfer data directly to or from 
system memory. 

Components 

The system clock is generated by the 82C84A clock driver 
and is inverted to meet the clock high and low times 
required by the 82C237 DMA controller. The four OR gates 
are used to support the 80C88 Microprocessor in minimum 
mode by producing the control signals used by the proces¬ 
sor to access memory or I/O. A decoder is used to generate 
chip select for the DMA controller and memory. The most 
significant bits of the address are output on the address/ 
data bus. Therefore, the 82C82 octal latch is used to 
demultiplex the address. Hold Acknowledge (HLDA) and 


Address Enable (AEN) are “ORed” together to insure that 
the DMA controller does not have bus contention with the 
microprocessor. 

Operation 

A DMA request (DREQ) is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue 
a Hold request (HRQ) to the processor. The system 
busses are not released to the DMA controller until a Hold 
Acknowledge signal is returned to the DMA controller from 
the 80C88 processor. After the Hold Acknowledge has 
been received, addresses and control signals are generated 
by the DMA controller to accomplish the DMA transfers. 
Data is transferred direc tly fr om the I /O device t o memory 
(or vice versa) with lOR and MEMW (or MEMR and lOW) 
being active. Note that data is not read into or driven out of 
the DMA controller in l/O-to-memory or memory-to-l/0 
data transfers. 



NOTE The address lines need pull-up resistors. 


FIGURE 7. APPLICATION FOR DMA SYSTEM 
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Figure 9 shows the data bus for a 16-bit DMA application 
with the 82C237. High memory and low memory are 
selected accordingly with AO and the 8/16 signal during 
DMA transfers. The 8/16 signal is formed from DWLE with a 
D flip-flop and ADSTB. ADSTB must be inverted to the D 
flip-flop since DWLE is set up to the falling edge of ADSTB 
and the 74F74 latches data on the rising edge of CLK. 


The ADSTB inverted could be eliminated by using a 74F75 
falling edge D latch. The latch on D 8 - D15 is needed for 
16-bit memory-to-me mory tra nsfers. The upper eight bits 
of data are latched by MEMR during the read half of the 
transfer. The data is then enabled onto the data bus during 
the write half of the transfer. 


80C286 I 
D8 - Disl 


TRANSCEIVER 


HIGH 

J^EMORY 



MEMOS- 

FROM DECODER 




‘Only needed for memory-to-memory transfers 



FIGURE 9. DATA BUS FOR 16 BIT DMA APPLICATION 
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Specifications 82C237 


Absoiute Maximum Ratings 


Reiiabiiity information 



Supply Voltage. 

Input, Output or I/O Voltage Applied_G ND 

Storage Temperature Range. 

Junction Temperature. 

Lead Temperature (Soldering, Ten Seconds) .. 

.+8.0 Volts 

-0.5V to VCC +0.5V 
. -65OCto+150OC 
. + 175 OC 

. +300OC 

Thermal Resistance 

Ceramic DIP Package. 

LCC Package. 

Maximum Package Power Dissipation.. 
Gate Count. 

0ja 

280C/W 

66 OC/W 

0jc 

6 OC/W 

120 C/W 

.1 Watt 

. 2325 Gates 


CAUTION Stresses above those listed in the Absolute Maximum Ratings" may cause permanent damage to the device This is a stress only rating and opera¬ 
tion of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

operating Voltage Range.+4.5V to +5.5V 


Operating Temperature Ranges 


C82C237.O^C to +70^0 

I82C237. -40OCto+85OC 

M82C237 .-550Cto+1250C 


D.C. Eiectrical Specifications vcc = +5.ov ± 10 %, Ta = o^c to +70^0 (C82C237) 

Ta = -40OC to +850C {I82C237) 
Ta = - 550 c to +I 25 OC {M82C237) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 


Logical One Input Voltage 


- 

V 

C82C237,I82C237 




- 

V 

M82C237 

VIL 

Logical Zero Input Voltage 

- 

0.8 

V 


VOH 

Output HIGH Voltage 

3.0 

- 


IOH =-2.5mA 



VCC -0.4 

- 


IOH = -100|iA 

VOL 

Output LOW Voltage 

- 


V 

lOL = +2.5mA all output except EOP, 






lOL = +3.2 for EOP pin 36 only. 

II 

Input Leakage Current 

-1.0 

+1.0 

pA 

VIN = GND or VCC, Pins 6,7,11,12,13,16-19 

10 

Output Leakage Current 

-10.0 

+10.0 

mA 

VOUT = GND or VCC, Pins 1 -5, 21-23, 

26-30,32-40. 

ICCSB 

Standby Power Supply 

- 

10 

mA 

VCC = 5.5V, VIN = VCC or GND, 


Current 




Outputs Open 

ICCOP 

Operating Power Supply 

- 

2 

mA/M Hz 

VCC = 5.5V, CLK FREQ = Maximum, 


Current 




VIN = VCC or GND, Outputs Open 


Capacitance Ta = +25OC 


SYMBOL 

PARAMETER 

TYPE 

UNITS 

TEST CONDITIONS 

CIN 

Input Capacitance 

20 

PF 

FREQ = 1 MHz, All measurements are 
referenced to device GND 

COUT 

Output Capacitance 

20 

PF 

Cl/O 

I/O Capacitance 

20 

pF 
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Specifications 82C237 


A.C. Electrical Specifications vcc = +5.ov ±10 %, gnd = ov, 

Ta = 0°C to +70°C (C82C237), 

Ta = -40°C to +85°C (I82C237), 
Ta = -55°C to +125°C (M82C237) 


DMA (MASTER) MODE 


AEN HIGH from CLK LOW (S1) Delay 
Time 


AEN LOW from CLK HIGH (SI) Delay 
Time 


ADR Active to Float Delay from CLK 
HIGH 


READ or WRITE Float Delay from CLK 
HIGH 


DB Active to Float Delay from CLK HIGH 


ADR from READ HIGH Hold Time 


DB from ADSTB LOW Hold Time 


ADR from WRITE HIGH Hold Time 


DACK Valid from CLK LOW 
Delay Time 


EOF HIGH from CLK HIGH 
Delay Time 


EOF LOW from CLK HIGH 
Delay Time 


ADR Stable from CLK HIGH 


DB to ADSTB LOW Setup Time 


Clock HIGH Time (Transitions 10ns) 


Clock LOW Time (Transitions 10ns) 


CLK Cycle Time 


CLK HIGH to READ or WRITE LOW 
Delay 


READ HIGH from CLK HIGH (S4) Delay 
Time 


WRITE HIGH from CLK HIGH (S4) Delay 
Time 


HRQ Valid from CLK HIGH 
Delay Time 


EOF Hold Time from CLK LOW (S2) 


EOF LOW to CLK LOW Setup Time 


EOF Fulse Width 


ADR Valid Delay from CLK HIGH 


READ or WRITE Active from 
CLK HIGH 


DB Valid Delay from CLK HIGH 


HLDA Valid to CLK HIGH Setup Time 



(lO)TASM 


(11)TASS 



(17)TDCTW 


(19)TEFH 


(20)TEFS 


(21)TEFW 


(22)TFAAB 
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Specifications 82C237 


A.C. Electrical Specifications vcc = +5.ov±io%,gnd = ov, (Continued) 

Ta = 0°C to +70°C (C82C237), 

Ta = -40°C to +85°C (I82C237), 

Ta = -55°C to +125°C {M82C237) 


DMA (MASTER) MODE (Continued) 



(35)TWRRD 


(36)TRLRH 


(37)TSHSL 


(38)TWLWHA 


(39)TWLWH 


(40)TRLRHC 


(56)TAVRL 


(57)TAVWL 


{58)TRHAL 


(59)TRHSH 


(60)TWHSH 


{61)TDVRL 


(62)TDVWL 


{63)TRHDI 


(64)TAZRL 


(65)TOEV 


Input Data from MEMR HIGH 
Hold Time 


Input Data to MEMR HIGH 
Setup Time 


Output Data from MEMW HIGH 
Hold Time 


Output Data Valid to MEMW HIGH 


DREQ to CLK LOW (SI, S4) 
Setup Time 


CLK to READY LOW Hold Time 


READY to CLK LOW Setup Time 


ADSTB HIGH from CLK LOW 
Delay Time 


ADSTB LOW from CLK LOW 
Delay Time 


READ HIGH Delay from WRITE HIGH 


READ Pulse Width, Normal Timing 


ADSTB Pulse Width 


Extended WRITE Pulse Width 


WRITE Pulse Width 


READ Pulse Width, Compressed 


ADR Valid to READ LOW 


ADR Valid to WRITE LOW 


READ HIGH to AEN LOW 


READ HIGH to ADSTB HIGH 


WRITE HIGH to ADSTB HIGH 


DACK Valid to READ LOW 


DACK Valid to WRITE LOW 


READ HIGH to DACK Inactive 


ADR Float to READ LOW 


Output Enable Valid Before WRITE HIGH 


Output Enable Hold Time from 
WRITE HIGH 
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Specifications 820237 


A.C. Electrical Specifications vcc = + 5 . 0 V ± 10 %. gnd = ov. (Continued) 

Ta = 0°C to +70°C (C82C237), 

Ta = -40°C to +85°C (I82C237). 

Ta = -55°C to +125°C (M82C237) 


PERIPHERAL (SLAVE) MODE 


(42)TAWL 


{43)TCWL 


{44)TDW 


(46)TRDE 


(47)TRDF 


(49)TRSTS 


(50)TRSTW 


(51)TRW 


(52)TWA 



ADR Valid or CS LOW to READ LOW 


ADR Valid to WRITE LOW Setup Time 


CS LOW to WRITE LOW Setup Time 


Data Valid to WRITE HIGH Setup Time 


ADR or CS Hold from READ HIGH 


Data Access from READ 


DB Float Delay from READ HIGH 


Power Supply HIGH to RESET LOW Set¬ 
up Time 


RESET to First lOR or lOW 


RESET Pulse Width 


READ Pulse Width 


ADR from WRITE HIGH Hold Time 


CS HIGH from WRITE HIGH 
Hold Time 


Data from WRITE HIGH Hold Time 



(54) TWD 

(55) TWWS 


WRITE Pulse Width 


100 


45 


ns 


























































































82C237 

Waveforms 

SLAVE MODE WRITE TIMING 



FIGURE 10. SLAVE MODE TIMING 

NOTE; Successive WRITE accesses to the 82C237 must allow at least TOY as recovery time between accesses. A TOY recovery time must be allowed before 
executing a WRITE access after a READ access. 


SLAVE MODE READ TIMING 



FIGURE 11. SLAVE MODE READ 

NOTE: Successive READ accesses to the 82C237 must allow at least TOY as recovery time between accesses A TOY recovery time must be allowed before 
executing a WRITE access after a READ access. 
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Waveforms 

DMA TRANSFER TIMING 



*For 16-bit mode, 82C237 only In 8-bit mode this signal is always high impedance tri-stated Waveform shown is for an 8-bit transfer with the 
82C237 programmed in 16-bit mode For a 16-bit transfer, DWLE will go low at least TASS before the falling edge of ADSTB in S2, and remain low 
for the entire transfer 
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Waveforms 

MEMORY-TO-MEMORY TRANSFER TIMING 



FIGURE 13. MEMORY-TO-MEMORY TRANSFER 

*For 16-bit mode, 82C237 only. In 8-bit mode this signal is always high impedance tri-stated. Waveform shown is for a 16-bit memory-to-memory 
transfer. For an 8-bit transfer in 16-bit mode, DWLE will go high at least TASS before the falling edge of ADSTB in S2, then low TAHS after the falling 
edge of ADSTB, and will remain low until the next ADSTB where the cycle is repeated. 
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Waveforms 

READY TIMING 


S2 


TDCL 

t ^ 

TDCL 

s 

— (15)- 


EXTENDED—N 
WRITE 


(31) TRH 
(32) TRS- 


TDCTR^{16) 


TDCTW—H (17) 



FIGURE 14. READY 

NOTE: READY must not transition during the specified setup and hold times. 


COMPRESSED TRANSFER TIMING 


TASM U(10)- 


TDCLU-(15)- 


TASM —(10)- 
VAUD ^ 


TDCTR 

h-(i6)- 

-TRLRHC-- 


_TDCL' 

(15) 


TDCTW^ 
TRH (31) 


TDCTW 

_ / 

TRH (31) 


FIGURE 15. COMPRESSED TRANSFER 
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Waveforms 

RESET TIMING 


vcc^ 

RESET 


-<5- 


(48) TRSTD 


lOR OR low 




(50) TRSTW- 




( 49 )^ 

TRSTS 


- 4 ^ 


X. 


FIGURE 16. RESET 


A. C. Test Circuits 


OUTPUT FROM 
DEVICE UNDER O- 
TEST 


VI 


:R1 


-O TEST POINT 


:C1* 


‘Includes STRAY and FIXTURE Capacitance 

TEST CONDITION DEFINITION TABLE 


PINS 

VI 

R1 

Cl 

All Outputs Except EOP 

1.7V 

520n 

lOOpF 

EOP 

VCC 

i.6Kn 

50pF 


A.C. Testing input. Output Waveforms 


INPUT 


OUTPUT 


VIH + 0.4V 
VIL - 0.4V 


1.5V 


VOH 


VOL 


OUTPUT OUTPUT 

Z-LORH LORH-Z 



2.0V 

0.8V 


VOH 


VOL 


VOH 

VO-0.45^ 
0.45 ^ 

VOL 


A.C. Testing: All A.C. Parameters tested as per test circuits, input RISE and FALL times are driven at InsA/. 
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Features 

• Generates System Clock for 80C286 Processors 

• Generates System Reset Output from Schmitt 
Trigger Input 

- Improved Hysteresis 

• Uses Crystal or External Signal for Frequency 
Source 

- Dynamically Switchabie between TWo Input 
Frequencies 

• Provides Local READY and MULTIBUS® READY 
Synchronization 

• Static CMOS Technology 

• Single -t-SV Power Supply 

• Available in 18 Lead Cerdip Package 


Clock Generator and Ready Interface 
for 80C286 Processors 


Description 

The Harris 82C284 is a clock generator/driver which provides 
clock signals for 80C286 proce ssors an d support components. 
It also contains logic to supply READY to the CPU from either 
asynchronous or synchronous sources and synchronous 
RESET from an asynchronous Input with hysteresis. 

Ordering information 


PACKAGE 

Ceramic DIP 


Respective /883 specifications are included at the end of this data 
sheet. 


TEMPERATURE 

RANGE 

10MHz 

12.5MHz 

0°C to +70°C 

- 

CD82C284-12 

-40°C to +85°C 

ID82C284-10 

ID82C284-12 

-55°C to +125°C 

MD82C284- 

10/883 

MD82C284- 

12/883 



Pinout 


Functionai Diagram 


18 LEAD CERAMIC DIP 

TOP VIEW 




CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 a iF7 


File Number 2966 
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Pin Description The following pin function descriptions are for the 82C284 clock generator. 

TABLE 1. PIN DESCRIPTION 


PIN 

SYMBOL 

NUMBER 

TYPE 

DESCRIPTION 

CLK 

10 

0 

SYSTEM CLOCK: the signal used by the processor and support devices \A/hich must 
be synchronous with the processor. The frequency of the CLK output has twice 
the desired internal processor clock frequency. CLK can drive both TTL and CMOS 
CMOS level inputs. 

F/C 

6 

1 

FREQUENCY/CRYSTAL SELECT: this pin selects the source for the CLK output. 

When there is a LOW level on this input, the internal crystal oscillator drives CLK. 

When there is a HIGH level on F/C, the EFI input drives the CLK input. This pin 
can be dynamically switched, which allows changing the processor CLK frequency 
while running for low-power operation, etc. 

XI,X2 

7,8 

' 


EFI 

5 

1 

EXTERNAL FREQUENCY IN: drives CLK when the F/C input is HIGH. The EFI 
input frequency must be twice the desired internal processor clock frequency. 

PCLK 

13 

o 

PERIPHERAL CLOCK: the output which provides a 50% duty cycle clock with 
one-half the frequency of CLK. PCLK will be in phase with the internal processor 
clock following the first bus cycle after the processor has been reset. 

ARDYEN 

17 


ASYNCHRONOUS READY ENABLE: an active LOW input which qualifies the 

ARDY input. ARDYEN selects ARDY as the source of READY for the 
current bus cycle. Inputs to ARDYEN may be applied asynchronously to CLK. 

Setup and hold times are given to assure a guaranteed response to synchronous 
outputs. 

ARDY 

1 


ASYNCHRONOUS READY: an active LOW input used to terminate the current bus 
cycle. The ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied 
asynchronously to CLK. Setup and hold times are given to assure a guaranteed 
response to synchronous outputs. 

SRDYEN 

3 


SYNCHRONOUS READY ENABLE: an active LOW input which qualifies SRDY. 
SRDYEN selects SRDY as the source for READY to the CPU for the 
current bus cycle. Setup and hold time must be satisfied for proper operation. 


2 

1 

SYNCHRONOUS READY: an active LOW input used to terminate the current bus 
cycle. The SRDY input is qualified by the SRDYEN input. Setup and hold time 
must be satisfied for proper operation. 

READY 

4 

0 

READY: an active LOW output which signals to the processor that the current 
bus cycle is to be completed. The SRDY, SRDYEN, ARDY, ARDYEN, SI, 

SO, and RES inputs control READY as explained later in the READY 
generator section. READY is an open drain output requiring an external 
pull-up resistor. 

so.sT 

15,16 

' 

STATUS: these inputs prepare the 82C284 for a subsequant bus cycle. SO and 

SI synchronize PCLK to the internal processor clock and control READY. 

Setup and hold times must be satisfied for proper operation. 

RESET 

12 

o 

RESET: an active HIGH output which is derived from the RES input. RESET 
is used to force the system into an initial state. When RESET is active, 

READY will be active (LOW). 

BES 

11 

1 

RESET IN: an active LOW input which generates the system reset signal (RESET). 
Signals to RES may be applied asynchronously to CLK. A Schmitt trigger input 
is provided on RES, so that an RC circuit can be used to provide a time delay. 

Setup and hold times are given to assure a guaranteed response to synchronous 
inputs. 

vcc 

18 


SYSTEM POWER: The +5V Power Supply Pin. A 0.1 pF capacitor between Vqq and 
GND is recommended for decoupling. 

GND 

9 


SYSTEM GROUND: OV 
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Functional Description 

INTRODUCTION 

The 82C284 generates the clock, ready, and reset signals 
required for 80C286 processors and support components. 
The 82C284 is packaged in an 18-pin DIP and contains a 
crystal controlled oscillator, clock generator, peripheral 
clock generator, MULTIBUS® ready synchronization logic, 
and system reset generation logic. 

CLOCK GENERATOR 

The CLK output provides the basic timing control for an 
80C286 system. CLK has output characteristics sufficient 
to drive CMOS devices. CLK is generated by either an 
internal cr^tal oscillator, or an external source as selected 
by the F/C input pin. When F/C is LOW, the crystal 
oscillator drives the CLK output. When F/C is HIGH, the EFI 
input drives the CLK output. 

The F/C pin on the Harris 82C284 is dynamically 
switchable. This allows the CLK frequency to the processor 
to be changed from one frequency to another in a run¬ 
ning system. With this feature, a system can be designed 
which operates at maximum speed when needed, and 
then dynamically switched to a lower frequency to 
implement a low-power mode. The lower frequency can be 
anything down to, but excluding, D.C. The following 3 
conditions apply when dynamically switching the F/C pin 
(see Figure 1): 

1) The CLK is stretched in the low portion of the (>2 
phase of it’s cycle during transition from one CLK 
frequency to the other (see Waveforms). 


2) When switching CLK frequency sources, there is a 
maximum transition latency of 2.5 clock cycles of 
the frequency being switched to, from the time CLK 
freezes low, until CLK restarts at the new frequency 
(see Waveforms). 

3) The maximum latency from the time F/C Is 
dynamically switched, to the time CLK freezes low, 
is 4 CLK cycles (see Waveforms). 

The following steps describe the sequence of events that 

transpire when F/C is dynamically switched: 

(A) F/C switched from high (using EFI input) to low (using 

the crystal input XI - see Figure 1A). 

1) The state of F/C is sampled when both CLK and 
PCLK are high until a change is detected. 

2) On the second following falling edge of PCLK, CLK 
is frozen low. 

3) CLK restarts at the crystal frequency on the rising 
edge of XI, after the second falling edge of X1. 

(B) F/C switched from low (using the crystal input XI) to 

high (using the EFI input - see Figure 1B). 

1) The state of F/C is sampled when both CLK and 
PCLK are high until a change is detected. 

2) On the second following falling edge of PCLK, CLK 
is frozen low. 

3) CLK restarts at the EFI input frequency on the falling 
edge of EFI after the second rising edge of EFI. 



(A) F/C SWITCHED FROM HIGH (USING EFI INPUT) TO LOW (USING THE CRYSTAL INPUT XI) 



(B) F/C SWITCHED FROM LOW (USING THE CRYSTAL INPUT XI) TO HIGH (USING THE EFI INPUT) 


FIGURE 1. DYNAMICALLY SWITCHING THE F/C PIN 
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The 82C284 provides a second clock output, PCLK, for 
peripheral devices, PCLK is CLK divided by two. PCLK has 
a duty cycle of 50% and CMOS output drive characteristics. 
PCLK is normally synchronized to the internal processor 
clock. 

After reset, the PCLK signal may be out of phase with the 
internal processor clock. The ^ and ^ signals of the first 
bus cycle are used to synchronize PCLK to the internal 
processor clock. The phase of the PCLK output changes by 
extending its HIGH time beyond one system clock (see 
^veforms). PCLK is forced HIGH whenever either ^ or 
S1 were active (LOW) for the two previous CLK cycles. 
PCLK continues to oscillate when both SO and S1 are 
HIGH. 

Since the phase of the internal processor clock will not 
change except during reset, the phase of PCLK will not 
change except during the first bus cycle after reset. 

OSCILLATOR 

The oscillator circuit of the 82C284 Is a linear Pierce 
oscillator which requires an external parallel resonant, 
fundamental mode, crystal. The output of the oscillator is 
internally buffered. The crystal frequency chosen should be 
twice the required internal processor clock frequency. The 
crystal should have a typical load capacitance of 32pF. 

XI and X2 are the oscillator crystal connections. For stable 
operation of the oscillator, two loading capacitors are 
recommended, as shown in Table 2. The sum of the board 
capacitance and loading capacitance should equal the 
values shown. It is advisable to limit stray board 
capacitances (not including the effect of the loading 
capacitors or crystal capacitance) to less than 10pF 
between the X1 and X2 pins. Decouple Vcc and GND as 
close to the 82C284 as possible with a 0.1 mF 
polycarbonate capacitor. 


TABLE 2. 82C284 CRYSTAL LOADING CAPACITANCE 
VALUES 


CRYSTAL 

FREQUENCY 

Cl 

CAPACITANCE 
(PIN 7) 

C2 

CAPACITANCE 
(PIN 8) 

1 to8MHz 

60pF 

40pF 

8 to 20MHz 

25pF 

15pF 

20 to25MHz 

15pF 

15pF 


CLK TERMINATION 

Due to the CLK output having a very fast rise and fall time, it 
is recommended to properly terminate the CLK line at 
frequencies above 10MHz to avoid signal reflections and 
ringing. Termination is accomplished by inserting a small 
resistor (typically 10-74n) in series with the output, as 
shown in Figure 2. This is known as series termination. The 
resistor value plus the circuit output impedance (approxi¬ 
mately 25fl) should be made equal to the Impedance of the 
transmission line. 


CLK 



^UT 

AW— ^ Z ^ 

CLOSELY 

PLACED 



LOADS 

Rq % 25 I 

TRANSMISSION UNE 


i 

AA/^-fT’T—> 

CLOSELY 

PLACED 

LOADS 


FIGURE 2. SERIES TERMINATION 


RESET OPERATION 

The reset logic provides the RESET out put to force the 
system into a known, initial state. When the RES input i s ac- 
tive (LOW), the RESET output becomes active (HIGH), RES 
is synchronized internally at the falling edge of CLK before 
generating the RE SET output (see Waveforms). 
Synchronization of the RES input introduces a one or two 
CLK delay before affecting the RESET Output. 

At power up, a system does not have a sta ble Vqc and 
CLK. To prevent spurious activity, RES should be 
asserted until Vqq and CLK stabilize at their operating 
values. 80C286 processors and support components also 
require their RESET inputs be HIGH a minimum of 16 CLK 
cycles. An RC network, as shown in Figure 3, will keep RES 
LOW long enough to satisfy both needs. 

A Schmitt trigger input with hysteresis on RES assur es a 
single transition of RESET with an RC circuit on RES. The 
hysteresis separates the input voltage level at which the 
circuit output switches from HIGH to LOW from the input 
voltage level at wh ich the circuit output switches from LOW 
to HIGH. The RES H IGH to LOW input transition voltage is 
lower than the RES LOW to HI GH input transition voltage. 
As long as the slope of the RES Input voltage remains i n the 
same direction (increasing or decreasing) around the RES 
input transition voltage, the RESET output will make a single 
transition. 


Vcc 



FIGURE 3. TYPICAL RC RES TIMING CIRCUIT 


READY OPERATION 

The S2C284 accepts two ready sources for the system 
ready signal whic h term inates the current bus cycle. Either 
a synchronous (SRDY) or asynchronous ready (ARDY) 
source m ay b e used. E ach ready input has an enable 
(SRDYEN and ARDYEN) for selecting the type of ready 
source required to terminate the current bus cycle. An 
address decoder would normally select one of the enable 
inputs. 






82C284 


READY is enabled (LOW), if either SRDY + SRDYEN = 0 or 
ARDY + ARDYEN = 0 when s ampled by the 82C284 
READY generation logic. READY will remain active for at 
least two CLK cycles. 

The READY output has an open-drain driver allowing 
other ready circ uits to b e wire or’ed with it, as shown in 
Figure 4. The READY signal of an 80C286 system 
requires an external pull-up resistor. To force the READY 
signal inactive (HIGH) at the start of a bus cycle, the 



FIGURE 4. RECOMMENDED CRYSTAL AND 
READY CONDITIONS 


READY output floats when either S1 or SO are 
sampled LOW at the falling edge of CLK. Two system clock 
periods are allowed for the pull-up resistor to pull the 
READY signal to V|h. When RESET is active, READY is 
forced active one CLK later (see Waveforms). 

Figure 5 illustrates the operation of SRDY and SRDYEN. 
These inputs are sampled on the falling e dge of C LK when 
Si and SO are inactiv e and PCLK i s HIGH. R EADY is forced 
active when both SRDY and SRDYEN are sampled 
as LOW. 

Figure 6 shows the operation of ARDY and ARDYEN. These 
inputs are sampled by an Internal synchronizer at each fall¬ 
ing edge of CLK. The output of the synchronizer is then 
sampled when PCLK is HIGH. I f the synch ronizer 
reso lved both the ARDY and ARDYEN a s activ e, the SRDY 
and SRDYEN inputs are ignored. Either ARDY or ARDYEN 
must be HIGH at the end of Ts, theref ore at least on e wait 
state is required when usi ng the A RDY and ARDYEN inputs 
as a basis for generating READY. 

READY remains active until either SI or SO are 
sampled LOW, or the ready inputs are sampled as inactive. 


Ts I Tc I Tc I Ti 



Ts I Tc I Tc I Ti 
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Specifications 82C284 


Absolute Maximum Ratings 


Reliability information 


Supply Voltage.+8.0V Thermal Resistance 0ja 0jc 

Input, Output, or I/O Voltage Applied ... GND - 0.5V to Vqc + 0-5V Ceramic DIP Package. 88.OOC/W 27.0OC/W 

Storage Temperature Range.-650C to +1 SO^C Maximum Package Power Dissipation at +125^0 

Junction Temperature.+1 Ceramic DIP Package. 570mW 

Lead Temperature (Soldering, 10 Sec).+300OC Gate Count. 200 Gates 

ESD Classification.Class 2 

CAUTION: Stresses above those listed in the Absolute Maximum Ratings may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operations sections of this specification is not implied. 


Operating Conditions 

Operating Temperature Range: Operating Supply Voltage.+4.5V to +5.5V 

C82C284.OOC to +70OC EFI Rise Time (from 0.8V to 3.2V).8ns (Max) 

I82C284. -40OC to 4-850C EFI Fall Time (from 3.2V to 0.8V).8ns (Max) 


D.C. Electrical Specifications Ta = o^c to +7ooc (CD82C284); Vcc = 5V ± 10 % 

Ta = -40OC to +850C (ID82C284) 


PARAMETER 


Input LOW Voltage 


Input HIGH Voltage 


EFI, F/C Input HIGH Voltage 


RES HIGH Voltage 


RES Input Hysteresis 


RESET, PCLK Output LOW Voltage 


RESET, PCLK Output HIGH Voltage 


READY Output LOW Voltage 


CLK Output LOW Voltage 


CLK Output HIGH Voltage 


Input Leakage Current 


ICCOP 1 Active Power Supply Current 



TEST CONDITIONS 


Vcc = 4.5V 


Vcc = 5-5V 


Vcc 5.5V 


Vcc = 5.5V 


Vcc = 5.5V 


Iql = 5mA, Vcc = 4.5V, Note 2 


•oh ~ Vcc = 4.5V, Note 2 


Iql = 0mA, Vcc “ 4.5V, Note 2 


Iql 5mA, Vcc = 4.5V, Note 2 


lOH ~ “5mA, Vcc ~ 4.5V, Note 2 


V|N = Vcc or GND, Vcc = 5.5V 


82C284-12(Note1) 


82C284-10(Note1) 


NOTES: 1. ICCOP measured at lOMHz for the 82C284-10 and at 12.5MHz 
for the 82C284-12. VIN » GND or VCC, VCC » 5.5V, outputs 
unloaded. 


2. Interchanging of force and sense conditions is permitted. 


CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
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Specifications 82C284 


A.C. Electrical Specifications Ta = o^c to +70^0 {CD82C284); Vcc = 5V ± io% 

Ta = -40OC to +850C {ID82C284) 

A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Waveforms, 
Unless Othenwise Noted. 


EFI LOW Time 


EFI HIGH Time 


Status Setup Time for Status 
Going Active 


Status Setup Time for Status 
Going Inactive 


Status Hold Time 


TEST CONDITIONS 


AtVcc/2 (Notes) 


AtVcc/2 (Notes) 


F/C Setup Time 


F/C Hold Time 


SRDY or SRDYEN Setup Time 


SRDY or SRDYEN Hold Time 


ARDY or ARDYEN Setup Time 


ARDY or ARDYEN Hold Time 


RES Setup Time 


RES Hold Time 


CLK LOW Time 


CLK HIGH Time 


READY Inactive Delay 


READY Active Delay 


RESET Delay 


PCLK LOW Time 


(Notes 3,7) 


(Notes 3,7) 


(Notes 2,6) 


Notes 2,6) 


At 0.8V (Note 4), 
Test Condition 2 


At 0.8V (Note 4) 


Cl = 75pF, Test Condition 1 


Cl = 75pF, Test Condition 3 


CL = 75pF(Note 5) 



PCLK HIGH Time 


Cl= 75pF(Note5) 


1. VCC = 4.5V and 5.5V unless otherwise specified CLK loading: 4 The pull-up resistor value for the READY pin is 6200 with the rated 

Cl = 10OpF 150pF load. 

2 With the internal crystal oscillator using recommended crystal and 5. t-jg refers to any allowable CLK period. 

capacitive loading, or with the EFI input meeting specifications ti and tg. q sNhen using a crystal with the recommended capacitive loading. CLK 
The recommended crystal loading for CLK frequencies of 8MHz to output HIGH and LOW times are guaranteed to meet 80C286 require- 

20MHz are 25pF from pin X1 to ground, and 15pF from pin X2 to ments 

ground; for CLK frequencies from 20MHz to 25MHz the recommended _ _ 

loading is 15pF from pin X1 to GND. and 15pF from pin X2 to GND. T. Measured from 1.0V on the_CU< to 0.8V on the_^S waveform for RES 


5. tig refers to any allowable CLK period. 

6. When using a crystal with the recommended capacitive loading, CLK 
output HIGH and LOW times are guaranteed to meet 80C286 require¬ 
ments 


These recommended values are + 5pF and include all stray capaci¬ 
tance. Decouple \/qq and GND as close to the 82C284 as possible. 

3. This is an asynchronous input. This specification is given for testing 
purposes only, to assure recognition at a specific CLK edge. 


active, and to 4.2V on the RES waveform for RES inactive. 
8. Input test waveform characteristics; V|l = OV, V|h = 4.5V. 


CAUTION; These devices are sensitive to electronic discharge. Proper IC handling procedure should be followed. 
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Specifications 82C284 


UNTESTED SPECIFICATIONS 


SYMBOL 


CIN 



PARAMETER 


input Capacitance 


EFIHIGHtoCLK 
LOW Delay 


EFI LOW to CLK 
HIGH Delay 


CLK Rise Time 


CLK Fall Time 


XI HIGH to CLK 



CONDITIONS (Note 1) 


FREQ = 1 MHz, All measurements are 
referenced to device GND, T^ = +25^0 



1.0Vto3.6V,CL= 100pF 


3.6Vto1.0V,CL = 100pF 


(Note 4) 


NOTES: 1. The parameters listed in this table are controlled via design or 2. Measured from 3.2V on the EFI waveform to 1.0V on the CLK. 

process parameters and are not directly tested. These 3 Measured from 0.8V on the EFI waveform to 3 . 6 V on the CLK. 

parameters are characterized upon initial design and after major 

process and/or design changes. Measured from 3.6V on the XI input to 3.6V on the CLK. 


A.C. Specifications 

A.C. DRIVE, SETUP, HOLD AND DELAY TIME MEASUREMENT POINTS 

EFI INPUT / \ 0.8V / 


CLX 

OUTPUT 


OTHER 

DEVICE 

INPUT 


DEVICE 

OUTPUT 


‘DELAY (max) 


*SETUP- 


__Vcc - 0.4V 

3.6V y. 3.6V 
-1.0V -/1.0V 


1 ^ tHOLD 


^3.2V 3.2V > 

,0.8V 0.8V > 


i/CC - P.8V 
\0.8V 0.8V-,. 


' 2.0V 2.0V 

, 0.8V 0.8V 


‘ DELAY (max) 
t DELAY (min) 


VCC - 0.4V 
0.4V 



A.C. Test Condition 

VcC 


DEVICE 

OUTPUT 


TEST CONDITION 

RL 

CL 

1 

750fi 

75pF 

2 

620n 

150pF 

3 

00 

75pF 


CAUTION: These devices are sensitive to electronic discharge. Proper I.C handling procedures should be followed. 
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82C284 


Waveforms 


CLK AS A FUNCTION OF EFI 



NOTE: The EFI input LOW and HIGH times as shown are required to 
guarantee the CLK LOW and HIGH times shown. 


RESET AND READY TIMING AS A FUNCTION OF RES 
WITH S1, SO, ARDY + ARDYEN, AND SRDY + SRDYEN HIGH 



DCQPT DeperidsonVprevious 

state of Ares 


NOTE: This is an asynchronous input. The setup and hold times shown 
are required to guarantee the response shown. 


READY AND PCLK TIMING WITH RES HIGH 


ARDY 

+ 

ARDYEN 




NOTES. 1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response 
shown. 

2. If SRDY + SRDYEN or ARDY + ARDYEN are active before and/ or during the first bus cycle after RESET, 
READY may not be deasserted until the falling edge of ^2 of Ts- 
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SEMICONDUCTOR 


82C284/883 


February 1992 


Features 


Clock Generator and Ready Interface 
for 80C286 Processors 


• This Circuit is Processed in Accordance to Mil-Std-883 and is 
Fuiiy Conformant Under the Provisions of Paragraph 1.2.1. 

• Generates System Clock for 80C286 Processors 

• Generates System Reset Output from Schmitt Trigger Input 

- Improved Hysteresis 

• Uses Crystal or External Signal for Frequency Source 

- Dynamically Switchable Between Tw^lnput Frequencies 

• Provides Local READY and MULTIBUS® READY Synchroniza¬ 
tion 

• Static CMOS Technology 

• Single +5V Power Supply 

• Available in 18 Lead Cerdip Package > 


Description 

The Harris 82C284/883 is a clock generator/driver 
which provides clock signals for 80C286 proces¬ 
sors and support components. It also contains logic 
to supply READY to the CPU from either asynchro¬ 
nous or synchronous sources and synchronous 
RESET from an asynchronous input with hystere- 


Pinout 


82C284/883 (CERAMIC DIP) 
TOP VIEW 





CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C Handling Procedures. 
Copyright © Harris Corporation 1992 a ^ 07 
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Specifications 82C284/883 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+8.0V Thermal Resistance 8ja ^jc 

Input, Output or I/O Voltage Applied.GND-O.IVto VCC+1.0V Ceramic DIP Package. 88.OOC/W 27.0OC/W 

Storage Temperature Range. -65OCto+150OC Maximum Package Power Dissipation at+125OC 

Junction Temperature.+175OC Ceramic DIP Package. 570mW 

Lead Temperature (Soldering 10 sec).+300OC Gate Count. 200 Gates 

ESD Classification.Class 2 

CAUTION. Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied 


Operating Conditions 

operating Temperature Range. -55<^C to +125^0 EFI Rise Time (From 0.8V to 3.2V).8ns (Max) 

Operating Supply Voltage .+4.5V to +5.5V EFI Fall Time (From 3.2V to 0.8V).8ns (Max) 


TABLE 1. 82C284/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 


PARAMETER 

SYMBOL 

CONDITIONS 

GROUPA 

SUBGROUPS 

Input LOW Voltage 

VIL 

VCC = 4.5V 

1,2,3 

Input HIGH Voltage 

VIH 

VCC = 5.5V 

1,2,3 


VIHC 

VCC = 5.5V 

1,2,3 

RES HIGH Voltage 

VIHR 

VCC = 5.5V 

1,2,3 


VHYS 

VCC = 5.5V 

1,2,3 

RESET, PCLK Output 
LOW Voltage 

VOL 

IOL = 5mA, 

VCC = 4.5V, Note 2 

1,2,3 

RESET, PCLK Output 
Voltage 

VOH 

IOH = -1mA, 

VCC = 4.5V, Note 2 

1,2,3 



- 55 OC Ta £+1 25 OC 

2.2 

-550C<^Ta<+1250C 

3.2 

-550C<Ta<+1250C 

VCC 

-0.8 

- 550 c ;< Ta <_+1250C 

0.5 

-550Cj<Ta<_+1250C 

- 

- 550 c <Ta<+i 250 c 

VCC 

-0.4 


READY Output LOW 
Voltage 



1,2,3 

-550c <^Ta<^+ 1250c 

1,2,3 

-550C<^Ta<_+1250C 

1,2,3 

-550c <^Ta <_+1250C 

1,2,3 

-550c <_Ta<_+i 250c 

1,2,3 

-550C<^Ta<,+1250C 

1,2,3 

-550c <Ta;£+ 1 250c 


VOLR lOH = 10mA, 

VCC = 4.5V, Note 2 


VOLC lOL = 5mA, 

VCC = 4.5V, Note 2 


VOHC lOH = -5mA, 

VCC = 4.5V, Note 2 


VIN = GNDorVCC, 
VCC = 5.5V 


ICCOP 82C284-10/883, 
Note 1 

82C284-12/883, 
Note 1 


NOTES- 1. ICCOP measured at 10MHz for the 82C284-10/883 and at 12.5MHz for the 82C284-12/883. VIN = GND or VCC, VCC = 5.5V, outputs 
unloaded. 

2. Interchanging offeree and sense conditions is permitted. 




CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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Specifications 82C284/883 


TABLE 2. 82C284/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested. A.C. timings are referenced to 0.8V and 2.0V points of the signals as illustrated in datasheet 
waveforms, unless otherwise specified. 


GROUPA 
SUBGROUPS 



82C284/883 


PCLK LOW Time 


PCLK HIGH Time 


CL = 75pF, 
Note 5 


CL = 75pF, 
Note 5 


TEMPERATURE 


-550c <Ta<+1250C 


- 550 c <Ta<+1250C 


-550c <Ta<+1250C 


-550C<Ta<+1250C 


-550c <Ta<+i 250c 


-550c <Ta<+i 250c 


-550c <Ta<+1250C 


-55 OC <Ta<+1250C 


10,11 -550c <Ta<+1 250c 2 


,10,11 -550c <Ta<+1 250c 5 


-550C<Ta<+1250C 30 


,10,11 -55 OC <Ta<+1250C 20 

,10,11 -550c <Ta<+1 250c 10 


,10,11 -550C<Ta<+1250C 50 


,10,11 -550c <Ta<+1 250c 12 


,10,11 -55 OC <Ta<+1250C 16 


,10,11 -55 OC <Ta<+1250C 5 


,10,11 - 55 OC <Ta<+1250C 


,10,11 -550C<Ta<+1250C 


,10,11 - 550 c <Ta<+1250C 


,10,11 -550C<Ta<+ 1250C t16- 

10 


,10,11 -550c <Ta<+1 250c t16- 

10 



NOTES 1 VCC = 4 5V and 5 5V unless otherwise specified CLK loading. CL = lOOpF 

2 With the internal crystal oscillator using recommended crystal and capacitive loading, or with the EFI input meeting specifications t1 and t2 The 
recommended crystal loading for CLK frequencies of 8MHz to 20MHz are 25pF from pin XI to GND, and 15pF from pin X2 to GND, for CLK 
frequencies from 20MHz to 25MHz the recommended loading is 15pF from pin XI to GND, and 15pF from pin X2 to GND These recommended 
values are ±5pF and include all stray capacitance Decouple VCC and GND as close to the 82C284/883 as possible 

3 This IS an asynchronous input This specification is given for testing purposes only, to assure recognition at a specific CLK edge 

4 The pull-up resistor value for the READY pin is 620n with the rated 150pF load 

5 t16 refers to any allowable CLK period 

6 When using a crystal with the recommended capacitive loading, CLK output HIGH and LOW times are guaranteed to meet 80C286 requirements 

7 Measured from 1 OV on the CLK to 0 8V on the RES waveform for RES active, and to 4 2V on the RES waveform for RES inactive 

8 Input test waveform characteristics VIL = 0 OV, VIH = 4 5V. 


CAUTION These devices are sensitive to electronic discharge Proper 1C handling procedures should be followed 
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Specifications 82C284/883 



CAUTION; These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
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82C284/883 


A.C. Specifications (Continued) 

A.C. DRIVE, SETUP, HOLD AND DELAY TIME MEASUREMENT POINTS 

3-2V/-\ r -" 

EFI INPUT / \ 0.8V / 


CLK 

OUTPUT 


‘DELAY (max)- 


^SETUP- 


>L 3.6V y. 3.6 
Vl.OV \XN 


^3.2V 3.2V > 

,0.8V 0.8V/ 


_VCC - 0.4' 

3.6V 


OTHER 

DEVICE 

INPUT 


DEVICE 

OUTPUT 


5 CC -0.8V 
^-0.8V 0.8V^ 


^ 2.0V 2.0V 

, 0.8V 0.8V 


* DELAY (max) 
t DELAY (min) 


VCC - 0. 
0.4V 




A.C. Test Condition 


DEVICE 

OUTPUT 


TEST CONDITION 

RL 

CL 

1 

750n 

75pF 

2 

620n 

150pF 

3 

00 

75pF 
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82C284/883 


Waveforms 


CLK AS A FUNCTION OF EFI 



NOTE The EFI input LOW and HIGH times as shown are required to 
guarantee the CLK LOW and HIGH times shown 


RESET AND READY TIMING AS A FUNCTION OF RES 
WITH SI, SO, ARDY + ARDYEN, AND SRDY + SRDYEN HIGH 


CLK 

RES 

RESET 

READY 



NOTE: This is an asynchronous input. The setup and hold times shown 
are required to guarantee the response shown. 


READY AND PCLK TIMING WITH RES HIGH 



NOTES: 1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response 
shown. 

2. If SRDY + SRDYEN or ARDY + ARDYEN are active before and/ or during the first bus cycle after RESET, 
READY may not be deasserted until the falling edge of 02 of Ts- 
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82C284/883 


Burn-in Circuit 


18 PIN CERAMIC DIP 

’\r 



vcc 


NOTES: 1. Supply Voltage: VCC = 5.5V, ±0.5V, GND = OV 

Driver Voltage VIH = 4.5V ± 10%, VIL = OV 

2. Input Voltage Limfts: VIL (Max) = 0.4V, 

VIH (Min) = 2.6V 

3. Component Values: R1 = 47kn 

Cl = 0.1 jiF (Min) 

4. Oven type and frequency requirements microtest, 

FO through FI 2 

5. Approximate current per unit. ICC = 0 3mA 


6. Special requirements: 

(a) Electrostatic Discharge Sensitive. Proper precautions must 
be used when handling units. 

(b) All power supplies must be at zero volts when the boards are 
inserted Into the ovens. After insertion, apply VCC first, then 
activate the driver power supplies. 

7. Oscilloscope measurements: To be on loaded boards before 
insertion into the oven. 


Packaging 

18 PIN CERAMIC DIP 



* INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 

* SOLDER FINISH 


LEAD FINISH: Type A COMPLIANT OUTLINE: 

MATERIALS: Compliant to Mil-M-38510 Mil-Std-1835, GDIP1~T18 


NOTE: All Dimensions are , Dimensions are in inches. 

Max 
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82C284/883 


Metallization Topology 

DIE DIMENSIONS: 

63 X 69 X 19 ± 1 mils 
METALLIZATION: 

Type: Silicon - Aluminum 
Thickness: 8kA 
GLASSIVATION: 

Type: Nitrox 
Thickness: lOkA 
DIE ATTACH: 

Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460^0 (Max) 

WORST CASE CURRENT DENSITY: 

2 X 105 A/cm2 

LEAD TEMPERATURE (10 Seconds Soldering): < 300OC 

Metallization Mask Layout 

82C284/883 


SRDY ARDY VCC ARDYEN 



X2 GND CLK RES 
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SEMICONDUCTOR 


82C37A 


February 1992 


CMOS High Performance 
Programmable DMA Controller 


Features 

• Compatible with the NMOS8237A 

• Four Independent Maskable Channels with Autoinitial- 
Izatlon Capability 

• Cascadable to any Number of Channeis 

• High Speed Data Transfers: 

- Up to 4 MBytes/sec with 8MHz Ciock 

- Up to 6.25 MBytes/sec with 12.5MHz Ciock 

• Memory-to-Memory Transfers 

• Static CMOS Design Permits Low Power Operation 

- ICCSB = lO^A Maximum 

- ICCOP = 2mA/MHz Maximum 

• FuiiyTTL/CMOSCompatibie 

• Internai Registers may be Read from Software 


Description 

The 82C37A is an enhanced version of the industry standard 
8237A Direct Memory Access (DMA) controller, fabricated 
using Harris’ advanced 2 micron CMOS process. Pin com¬ 
patible with NMOS designs, the 82C37A offers increased 
functionality, improved performance, and dramatically 
reduced power consumption. The fully static design permits 
gated clock operation for even further reduction of power. 

The 82C37A controller can Improve system performance by 
allowing external devices to transfer data directly to or from 
system memory. Memory-to-memory transfer capability is 
also provided, along with a memory block initialization fea¬ 
ture. DMA requests may be generated by either hardware or 
software, and each channel is independently programmable 
with a variety of features for flexible operation. 

The 82C37A is designed to be used with an external 
address latch, such as the 82C82, to demultiplex the most 
significant 8 bits of address. The 82C37A can be used with 
Industry standard microprocessors such as 80C286, 80286, 
80C86, 80C88, 8086, 8088, 8085, Z80, NSC800, 80186 and 
others. Multimode programmability allows the user to select 
from three basic types of DMA services, and reconfiguration 
under program control is possible even with the clock to the 
controller stopped. Each channel has a full 64K address and 
word count range, and may be programmed to autoinitialize 
these registers following DMA termination (end of process). 


Ordering Information 


PACKAGE 

TEMPERATURE 

RANGE 

5MHz 

8MHz 

12.5MHz 

Plastic DIP 

0°C to +70°C 

CP82C37A-5 

CP82C37A 

CP82C37A-12 


-40°C to +85°C 

IP82C37A-5 

IP82C37A 

IP82C37A-12 

PLCC 

0°C to +70°C 

CS82C37A-5 

CS82C37A 

CS82C37A-12 


-40°C to +85°C 

IS82C37A-5 

IS82C37A 

IS82C37A-12 

Ceramic DIP 

0°C to +70°C 

CD82C37A-5 

CD82C37A 

CD82C37A-12 


-40°C to +85°C 

ID82C37A-5 

ID82C37A 

ID82C37A-12 


-55°C to +125°C 

MD82C37A-5/B 

MD82C37A/B 

MD82C37A.12/B 

SMD# 


Pending 

Pending 

Pending 

LCC 

-55^C to +125®C 

MR82C37-5A/B 

MR82C37A/B 

MR82C37A-12/B 

SMD# 


Pending 

Pending 

Pending 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I C. Handling Procedures. 
Copyright © Harris Corporatton 1992 a 7 a 
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82C37A 


Pinouts 


40 LEAD DIP 

TOP VIEW 


44 LEAD LCC/PLCC 
TOP VIEW 


(GND) Vss 



s I i 

“ I I II lo I- |o 

cc z 5 5 12 lii < < < < luj 


^DACKD 
2^ DACK1 


COCOCJt- qqn<olo^o 

OujuJUJUJoQQQ^^ 
<D:cE£rcc << 

O Q Q Q Q Q Q 
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82C37A 


Pin Description 


SYMBOL 

PIN 

NUMBER 

VCC 

31 

GND 

20 

CLK 

■ 

CS 

11 

RESET 

13 

READY 

6 

HLDA I 7 




DBO- 

21-23 

DB7 

26-30 





I/O 





DESCRIPTION 


VCC: is the +5V power supply pin. A 0.1 uF capacitor between pins 31 and 20 is recommended 
for decoupling. 


Ground 


CLOCK INPUT; The Clock Input is used to generate the timing signals which control 82C37A 
operations. This input may be driven from DC to 12.5MHz for the 82C37A-12, from DC to 8MHz 
for the 82C37A, or from DC to 5MHz for the 82C37A-5. The Clock may be stopped in either state 
for standby operation. 


CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus 
for CPU communications. 


RESET: This is an active high input which clears the Command, Status, Request, and Temporary 
registers, the First/Last Flip-Flop, and the mode register counter. The Mask register is set 
to ignore requests. Following a Reset, the controller is in an idle cycle. 


READY: This signal can be used to extend the memory read and write pulses from the 82C37A to 
accommodate slow memories or I/O devices. Ready must not make transitions during its 
specified set-up and hold times. See Figure 14 for timing. Ready is ignored in verify transfer mode. 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that it has 
relinquished control of the system busses. HLDA is a synchronous input and must not transition 
during its specified set-up time. There is an implied hold time (HLDA inactive) of TCH from the 
rising edge of clock, during which time HLDA must not transition. 


DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request 
inputs used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest 
priority and DREQ3 has the lowest priority. A request is generated by activating the DREQ line of a 
channel. DACK will acknowledge the recognition of a DREQ signal. Polarity of DREQ is program¬ 
mable. Reset initializes these lines to active high. DREQ must be maintained until the correspond¬ 
ing DACK goes active. DREQ will not be recognized while the clock is stopped. Unused DREQ 
inputs should be pulled High or Low (inactive) and the corresponding mask bit set. 


DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data 
bus. The outputs are enabled in the Program condition during the I/O Read to output the contents 
of a register to the CPU. The outputs are disabled and the inputs are read during an I/O Write 
cycle when the CPU is programming the 82C37A control registers. During DMA cycles, the most 
significant 8 bits of the address are output onto the data bus to be strobed into an external latch 
by ADSTB. In memory-to-memory operations, data from the memory enters the 82C37A on the 
data bus during the read-from-memory transfer, then during the write-to-memory transfer, the 
data bus outputs write the data into the new memory location. 


I/O READ: I/O Read is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to read the control registers. In the Active cycle, it is an output 
control signal used by the 82C37A to access data from a peripheral during a DMA Write transfer. 


I/O WRITE: I/O Write is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to load information into the 82C37A. In the Active cycle, it is an 
output control signal used by the 82C37A to load data to the peripheral during a DMA Read transfer. 


END OF PROCESS: End of Process (EOP) is an active low bidire ctiona l signal. Information 
concerning the completion of DMA services is available at the bidirectional EOP pin. 

The 82C37A allows an external signal to terminate an active DMA service by pulling the EOP pin 
low. A pulse is generated by the 82C37A when terminal count (TC) for any channel is rea ched, 
except for channel 0 in memory-to-memory mode. During memory-to-memory transfers, EOP 
will be output when the TC for channel 1 occurs. 

The EOP pin is driven by an open drain transistor on-chip, and requires an external pull-up 
resistor to VCC. 

When an EOP pulse occurs, whether internally or externally generated, the 82C37A will terminate 
the service, and if autoinitialize Is enabled, the base registers will be written to the current registers 
of that cha nnel. T he mask bit and TC bit in the status word will be set for the currently active 
channel by EOP unless the channel is programmed for autoinitialize. In that case, the mask bit 
remains clear. 
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PIN 


SYMBOL 

NUMBER 

TYPE 

A0-A3 

32-35 

I/O 

A4-A7 

37-40 

O 






ADDRESS: The four least significant address lines are bidirectional three-state signals. In the Idle 
cycle, they are inputs and are used by the 82C37A to address the control register to be loaded or 
read. In the Active cycle, they are outputs and provide the lower 4 bits of the output address. 


ADDRESS: The four most significant address lines are three-state outputs and provide 4 bits of 
address. These lines are enabled only during the DMA service. 


HOLD REQUEST: The Hold Request (HRQ) output is used to request control of the system bus. 
When a DREQ occurs and the corresponding mask bit is clear, or a software DMA request is 
made, the 82C37A issues HRQ. The HLDA signal then informs the controller when access to the 
system busses is permitted. For stand-alone operation where the 82C37A always controls the 
busses, HRQ may be tied to HLDA. This will result in one SO state before the transfer. 


DMA ACKNOWLEDGE: DMA acknowledge Is used to notify the individual peripherals when one 
has been granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to 
active low. 


ADDRESS ENABLE: Address Enable enables the 8-bit latch containing the upper 8 address bits 
onto the system address bus. AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 


ADDRESS STROBE: This Is an active high signal used to control latching of the upper address 
byte. It will drive directly the strobe input of external transparent octal latches, such as the 82C82. 
During block operations, ADSTB will only be issued when the upper address byte must be up¬ 
dated, thus speeding operation through elimination of S1 states. ADSTB timing Is referenced to the 
falling edge of the 82C37A clock. 


MEMORY READ: The memory Read signal is an active low three-state output used to access 
data from the selected memory location during a DMA Read or a memory-to-memory transfer. 


MEMORY WRITE: The Memory Write is an active low three-state output used to write data to the 
selected memory location during a DMA Write or a memory-to-memory transfer. 


NO CONNECT: Pin 5 is open and should not be tested for continuity. 
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Functional Description 

The 82C37A direct memory access controller is designed 
to improve the data transfer rate in systems which must 
transfer data from an I/O device to memory, or move a block 
of memory to an I/O device. It will also perform memory-to- 
memory block moves, or fill a block of memory with data 
from a single location. Operating modes are provided 
to handle single byte transfers as well as discontinuous 
data streams, which allows the 82C37A to control data 
movement with software transparency. 

The DMA controller is a state-driven address and control 
signal generator, which permits data to be transferred 
directly from an I/O device to memory or vice versa without 
ever being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor move or repeated string instruc¬ 
tions. Memory-to-memory operations require temporary 
internal storage of the data byte between generation of the 
source and destination addresses, so memory-to-memory 
transfers take place at less than half the rate of I/O 
operations, but still much faster than with central processor 
techniques. The maximum data transfer rates obtainable 
with the 82C37A are shown in Figure 1. 

The block diagram of the 82C37A is shown on page 2. The 
timing and control block, priority block, and internal 
registers are the main components. Figure 2 lists the name 
and size of the internal registers. The timing and control 
block derives internal timing from the clock input, and 
generates external control signals. The Priority Encoder 
block resolves priority contention between DMA channels 
requesting service simultaneously. 


82C37A 

TRANSFER TYPE 

5MHz 

8MHz 

12.5MHz 

UNIT 

Compressed 

2.50 

4.00 

6.25 

MByte/sec 

Normal I/O 

1.67 

2.67 

4.17 

MByte/sec 

Memory-to- 

Memory 

0.63 

1.00 

1.56 

MByte/sec 


FIGURE 1. DMA TRANSFER RATES 


DMA Operation 

In a system, the 82C37A address and control outputs and 
data bus pins are basically connected In parallel with the 
system busses. An external latch Is required for the upper 
address byte. While inactive, the controller’s outputs are in a 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the 82C37A 
drives the busses and generates the control signals to 
perform the data transfer. The operation performed by 
activating one of the four DMA request inputs has previously 
been programmed into the controller via the Command, 
Mode, Address, and Word Count registers. 


For example. If a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the 82C37A Current and Base Address registers for a 
particular channel, and the length of the block is loaded into 
that channel’s Word Count register. The corresponding 
Mode register is programmed for a memory-to-l/0 
operation (read transfer), and various options are selected 
by the Command register and other Mode register bits. The 
channel’s mask bit is cleared to enable recognition of a 
DMA request (DREQ). The DREQ can either be a hardware 
signal or a software command. 

Once initiated, the block DMA transfer will proceed as the 
cont roller outputs the data address, simultaneous MEMR 
and low pulses, and selects an I/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the I/O device. After each byte is 
transferred, the address is automatically incremented (or 
decremented) and the word count is decremented. The 
operation is then repeated for the next byte. The controller 
stops transferring data when the Word Count register 
underflows, or an external EOP is applied. 


NAME 

SIZE 

NUMBER 

Base Address Registers 

16 Bits 

4 

Base Word Count Registers 

16 Bits 

4 

Current Address Registers 

16 Bits 

4 

Current Word Count Registers 

16 Bits 

4 

Temporary Address Register 

16 Bits 

1 

Temporary Word Count Register 

16 Bits 


Status Register 

8 Bits 


Command Register 

8 Bits 


Temporary Register 

8 Bits 


Mode Registers 

6 Bits 


Mask Register 

4 Bits 


Request Register 

4 Bits 

1 


FIGURE 2. 82C37A INTERNAL REGISTERS 


To further understand 82C37A operation, the states 
generated by each clock cycle must be considered. The 
DMA controller operates in two major cycles, active and 
idle. After being programmed, the controller is normally idle 
until a DMA request occurs on an unmasked channel, or a 
software request is given. The 82C37A will then request 
control of the system busses and enter the active cycle. 
The active cycle is composed of several internal states, 
depending on what options have been selected and what 
type of operation has been requested. 
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The 82C37A can assume seven separate states, each 
composed of one full clock period. State I (SI) is the idle 
state. It is entered when the 82C37A has no valid DMA 
requests pending, at the end of a transfer sequence, or 
when a Reset or Master Clear has occurred. While in SI, 
the DMA controller is inactive but may be in the Program 
Condition (being programmed by the processor). 

State 0 (SO) is the first state of a DMA service. The 82C37A 
has requested a hold but the processor has not yet returned 
an acknowledge. The 82C37A may still be programmed 
until it has received HLDA from the CPU. An acknowledge 
from the CPU will signal that DMA transfers may begin. S1, 
S2, S3 and S4 are the working states of the DMA service. If 
more time is needed to complete a transfer than is available 
with normal timing, wait states (SW) can be inserted 
between S3 and S4 in normal transfers by the use of the 
Ready line on the 82C37A. For compressed transfers, wait 
states can be inserted between S2 and S4. See timing 
Figures 14 and 15. 

Note that the data is transferred dire ctly f rom the I/O device 
to memory (or vice versa) with lOR and MEMW (or MEMR 
and lOW) being active at the same time. The data is not read 
into or driven out of the 82C37A in l/O-to-memory or 
memory-to-l/O DMA transfers. 

Memory-to-memory transfers require a read-from and a 
write-to memory to complete each transfer. The states, 
which resemble the normal working states, use two-digit 
numbers for identification. Eight states are required for a 
single transfer. The first four states (Si 1, S12, SI3, SI 4 are 
used for the read-from-memory half and the last four states 
(S21, S22, S23, S24) for the write-to-memory half of the 
transfer. 

Idle Cycle 

When no channel is requesting service, the 82C37A will 
enter the Idle cycle and perform “SI” states. In this cycle, the 
82C37A will sample the DREQ lines on the falling edge of 
every clock cycle to determine if any channel is requesting a 
DMA service. 

Note that for standby operation where the clock has been 
stopped, D MA requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
82C37A. When CS is low and HLDA is low, the 82C37A 
enters the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part by 
reading from or writing to the internal registers. 

The 82C37A may be programmed with the clock stopped, 
provided that HLDA is low and at least one rising clock 
edge has occurred after HLDA was driven low, so the 
controller Is in an SI state. Address lines A0-A3 are inputs to 
the devic e an d sel ect which registers will be read or written. 
The lOR and lOW lines are used to select and time the read 
or write operations. Due to the number and size of the 
internal registers, an internal flip-flop called the First/Last 
Flip-Flop is used to generate an additional bit of address. 
The bit is used to determine the upper or lower byte of the 
16-bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. Separate software 
commands can also set or reset this flip-flop. 


Special software commands can be executed by the 
82C37A in the Program Condition. Th ese com mands are 
decoded as sets of addresses with CS, lOR, and 10W. The 
commands do not make use of the data bus. Instructions 
include Set and Clear First/Last Flip-Flop, Master Clear, 
Clear Mode Register Counter, and Clear Mask Register. 

Active Cycle 

When the 82C37A is In the Idle cycle, and a software 
request or an unmasked channel requests a DMA service, 
the device will Issue HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA service will 
take place, in one of four modes: 

Single Transfer Mode - In single transfer mode, the device 
is programmed to make one transfer only. The word 
count will be decremented and the address decremented or 
Incremented following each transfer. When the word count 
“rolls over” from zero to FFFF H, a terminal count bit in the 
status register is set, an EOP pulse is generated, and the 
channel will autoinitialize if this option has been selected. If 
not programmed to autoin itializ e, the mask bit will be set, 
along with the TC bit and EOP pulse. 

DREQ must be held active until DACK becomes active. If 
DREQ is held active throughout the single transfer, HRQ 
will go inactive and release the bus to the system. It will 
again go active and, upon receipt of a new HLDA, another 
single transfer will be performed, unless a higher priority 
channel takes over. In 8080A, 8085A, 80C88, or 80C86 
systems, this will ensure one full machine cycle execution 
between DMA transfers. Details of timing between the 
82C37A and other bus control protocols will depend upon 
the characteristics of the microprocessor involved. 

Block Transfer Mode - In Block Transfer mode, the device 
is activated by DREQ or software request and continues 
making transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of Process 
(EQP) is encountered. DREQ need only be held active until 
DACK becomes active. Again, an Autoinitialization will 
occur at the end of the service if the channel has been 
programmed for that option. 

Demand Transfer Mode - In Demand Transfer mode the 
devic e continues making transfers until a TC or external 
EQP is encountered, or until DREQ goes inactive. Thus, 
transfers may continue until the l/Q device has exhausted 
its data capacity. After the l/Q device has had a chance to 
catch up, the DMA service is reestablished by means of a 
DREQ. During the time between services when the 
microprocessor is allowed to operate, the intermediate val¬ 
ues of address and word count are stored In the 82C37A 
Current Address and Current Word Count registers. Higher 
priority channels may Intervene in the dem and process, 
once DREQ has gone inactive. Qnly an E QP c an cause an 
Autoinitialization at the end of the service. EQP is generated 
either by TC or by an external signal. 

Cascade Mode - This mode is used to cascade more than 
one 82C37A for simple system expansion. The HRQ and 
HLDA signals from the additional 82C37A are connected to 
the DREQ and DACK signals respectively of a channel for 
the initial 82C37A. This allows the DMA requests of the 
additional device to propagate through the priority network 
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circuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn to 
acknowledge requests. Since the cascade channel of the 
initial 82C37A Is used only for prioritizing the additional 
device, It does not output an address or control signals of its 
own. These could conflict with the outputs of the active 
channel in the added device. The initial 82C37A will 
respond to DREQ and generate DACK but all other outputs 
except HRQ will be disabled. An external EOP will be 
Ignored by the initial device, but will have the usual effect on 
the added device. 

Figure 3 shows two additional devices cascaded with an 
initial device using two of the initial device’s channels. This 
forms a two-level DMA system. More 82C37As could be 
added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 


2ND LEVEL 



ADDITIONAL 

DEVICES 


FIGURE 3. CASCADED 82C37AS 

When programming cascaded controllers, start with the first 
level device (closest to the microprocessor). After RESET, 
the DACK outputs are programmed to be active low and are 
held in the high state. If they are used to drive HLDA directly, 
the second level device(s) cannot be programmed until 
DACK polarity is selected as active high on the initial device. 
Also, the initial device’s mask bits function normally 
on cascaded channels, so they may be used to inhibit 
second-level services. 

Transfer Types 

Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and 
Verify. Write transfers m ove dat a fro m an I/O device to the 
memory by activating MEMW and lOR. Read transfers 
move data from memory to an I/O device by activating 
MEMR and lOW. 

Verify transfers are pseudo-transfers. The 82C37A 
operates as in Read or Write transfers generating 


addresses and responding to EOP, etc., however the 
memory and I/O control lines ail remain inactive. Verify 
mode is not permitted for memory-to-memory operation. 
Ready is ignored during verify transfers. 

Autoinitialize - By setting bit 4 in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitiaiization, the original values of the Current Address 
and Current Word Count registers are automatically 
restored from the Base Address and Base Word Count 
registers of that channel following EOP. The base registers 
are loaded simultaneously with the current registers by the 
microprocessor and remain unchanged throughout the 
DMA service. The mask bit is not set when the channel is in 
Autoinitialize mode. Following Autoinitiaiization, the channel 
is ready to perform another DMA service, without CPU 
intervention, as soon as a valid DREO is detected, or 
software request made. 

Memory-to-Memory - To perform biock moves of data 
from one memory address space to another with minimum 
of program effort and time, the 82C37A includes a memory- 
to-memory transfer feature. Setting bit 0 in the Command 
register selects channels 0 and 1 to operate as memory-to- 
memory transfer channels. 

The transfer is initiated by setting the software or hardware 
DREQ for channel 0. The 82C37A requests a DMA service 
in the normal manner. After HLDA is true, the device, using 
four-state transfers in Biock Transfer mode, reads data 
from the memory. The channel 0 Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the 82C37A internai Temporary 
register. Another four-state transfer moves the data to mem¬ 
ory using the address in channel one’s Current 
Address register and incrementing or decrementing it in 
the normal manner. The channel 1 Current Word Count is 
decremented. 

When the word count of channel 1 de crements to FFFFH, 
a TC is generated causing an EOP output, terminating 
the service, and setting the channel 1 TC bit in the Status 
register. The channel 1 mask bit will also be set, unless 
the channel 1 mode register is programmed for 
autoinitiaiization. Channel 0 word count decrementing to 
FFFFH will not set th e channel 0 TC bit in the status register 
or generate an EOP, or set the channel 0 mask bit in this 
mode. It will cause an autoinitiaiization of channel 0, if that 
option has been selected. 

If full Autoinitiaiization for a memory-to-memory operation 
is desired, the channel 0 and channel 1 word counts must 
be set to equal values before the transfer begins. Otherwise, 
if channel 0 underflows before channel 1, it will autoinitialize 
and set the data source address back to the beginning of 
the block. If the channel 1 word count underflows before 
channel 0, the memory-to- memory DMA service will termi¬ 
nate, and channel 1 will autoinitialize but channel 0 will not. 

In memory-to-memory mode, Channel 0 may be pro¬ 
grammed to retain the same address for all transfers. This 
allows a single byte to be written to a block of memory. This 
channel 0 address hold feature is selected by setting bit 1 in 
the Command register. 
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The 82C37A will respond to external EOP signals during 
memory-to-memory transfers, but will only relinquish the 
system busses after the transfer is complete (I.e., after an 
S24 state). It should be noted that an external EOP cannot 
cause the channel 0 Address and Word Count registers to 
autoinitialize, even if the Mode regis ter is programmed for 
autoinitialization. An external EOP will autoinitialize the 
channel 1 registers, if so programm ed. Da ta comparators in 
block search schemes may use the EOP input to terminate 
the service when a match is found. The timing of memory- 
to-memory transfers is found in Figure 13. Memory-to- 
memory operations can be detected as an active AEN with 
no DACK outputs. 

Priority - The 82C37A has two types of priority encoding 
available as software selectable options. The first Is Fixed 
Priority which fixes the channels in priority order based 
upon the descending value of their numbers. The channel 
with the lowest priority is 3 followed by 2, 1 and the highest 
priority channel, 0. After the recognition of any one channel 
for service, the other channels are prevented from interfering 
with the service until it is completed. 

The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel with the 
others rotating accordingly. The next lower channel from 
the channel serviced has highest priority on the following 
request. Priority rotates every time control of the system 
busses is returned to the processor. 

Rotating Priority 


1st 2nd 3rd 

Service Service Service 



With Rotating Priority In a single chip DMA system, any 
device requesting service is guaranteed to be recognized 
after no more than three higher priority services have 
occurred. This prevents any one channel from monopolizing 
the system. 

Regardless of which priority scheme is chosen, priority is 
evaluated every time a HLDA is returned to the 82C37A. 

Compressed Timing - In order to achieve even greater 
throughput where system characteristics permit, the 
82C37A can compress the transfer time to two clock 
cycles. From Figure 12 it can be seen that state S3 is used 
to extend the access time of the read pulse. By removing 
state S3, the read pulse width is made equal to the write 
pulse width and a transfer consists only of state S2 to 
change the address and state S4 to perform the read/write. 
SI states will still occur when A8-A15 need updating (see 
Address Generatio n). Ti ming for compressed transfers is 
found In Figure 15. EOP will be output in S2 If compressed 
timing is selected. Compressed timing Is not allowed for 
memory-to-memory transfers. 

Address Generation - In order to reduce pin count, the 
82C37A multiplexes the eight higher order address bits on 


the data lines. State SI is used to output the higher order 
address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) is used to load these bits from the data 
lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by the 82C37A 
directly. Lines A0-A7 should be connected to the address 
bus. Figure 12 shows the time relationships between CLK, 
AEN, ADSTB, DB0-DB7 and A0-A7. 

During Block and Demand Transfer mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held In the external 
address latch will remain the same. This data need only 
change when a carry or borrow from A7 to A8 takes place 
in the normal sequence of addresses. To save time and 
speed transfers, the 82C37A executes SI states only when 
updating of A8-A15 in the latch is necessary. This means 
for long services, SI states and Address Strobes may occur 
only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 

Programming 

The 82C37A will accept programming from the host 
processor anytime that HLDA is inactive, and at least one 
rising clock edge has occurred after HLDA went low. It is 
the responsibility of the host to assure that programming 
and HLDA are mutually exclusive. 

Note that a problem can occur if a DMA request occurs 
on an unmasked channel while the 82C37A is being 
programmed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channel 1 when 
channel 1 receives a DMA request. If the 82C37A is 
enabled (bit 2 in the Command register is 0), and channel 1 
is unmasked, a DMA service will occur after only one byte 
of the Address register has been reprogrammed. This 
condition can be avoided by disabling the controller (setting 
bit 2 in the Command register) or masking the channel 
before programming any of its registers. Once the program¬ 
ming is complete, the controller can be enabled/unmasked. 

After power-up it is suggested that all internal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 

Register Description 

Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. The address is 
automatically incremented or decremented by one after 
each transfer and the values of the address are stored in the 
Current Address register during the transfer. This register is 
written or read by the microprocessor in successive 8-bit 
bytes. See Figure 6 for programming information. It 
may also be reinitialized by an Autoinitialize back to its or igi- 
nal value. Autoinitialize takes place only after an EOP. In 
memory-to-memory mode, the channel 0 Current Address 
register can be prevented from incrementing or 
decrementing by setting the address hold bit in the 
Command register. 
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Current Word Count Register - Each channel has a 
16-Bit Current Word Count register. This register deter¬ 
mines the number of transfers to be performed. The actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e., 
programming a count of 100 will result in 101 transfers). 
The word count is decremented after each transfer. When 
the value in the register goes from zero to FFFFH, a TC will 
be generated. This register is loaded or read in successive 
8-bit bytes by the microprocessor in the Program 
Condition. See Figure 6 for programming information. 
Following the end of a DMA service it may also be 
reinitialized by an Autoinitialization back t o its o riginal value. 
Autoinitialization can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of FFFFH 
after TC. 

Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word Count 
registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialize 
these values are used to restore the current registers to their 
original values. The base registers are written simultaneously 
with their corresponding current register in 8-bit bytes in 
the Program Condition by the microprocessor. See Figure 6 
for programming information. These registers cannot be 
read by the microprocessor. 

Command Register - This 8-bit register controls the 
operation of the 82C37A. It is programmed by the 
microprocessor and is cleared by Reset or a Master Clear 
instruction. The following diagram lists the function of the 
Command register bits. See Figure 4 for Read and Write 
addresses. 

Command Register 


Bit Number 

Jo Memory - to - memory disable 
\l Memory - to - memory enable 

fo Channel 0 address hold disable 
s 1 Channel 0 address hold enable 
[x Ifbit0= 0 

Jo Controller enable 
Controller disable 

f^O Normal timing 
1 1 Compressed timing 

[x Ifbit 0 = 1 

fo Fixed priority 
Jl Rotating priority 

fo Late write selection 
cl Extended write selection 
[X Ifbit3= 1 

Jo DREQ sense active high 
Jl DREQ sense active low 

fo DACK sense active low 
[1 DACK sense active high 


Mode Register - Each channel has a 6-bit Mode register 
associated with it. When the register is being written to by 
the microprocessor in the Program Condition, bits 0 and 1 
determine which channel Mode register is to be written. 
When the processor reads a Mode register, bits 0 and 1 will 
both be ones. See the following diagram and Figure 4 for 
Mode register functions and addresses. 

Mode Register 


Bit Number 

00 Channel 0 select 
01 Channel 1 select 

10 Channel 2 select 

11 Channel 3 select 
XX Readback 

00 Verify transfer 
01 Write transfer 

10 Read transfer 

11 Illegal 

XX If bits 6 and 7= 11 

0 Autoinitialization disable 
1 Autoinitialization enable 

0 Address increment select 

I Address decrement select 

00 Demand mode select 
01 Single mode select 
10 Block mode select 

II Cascade mode select 


Request Register - The 82C37A can respond to requests 
for DMA service which are initiated by software as well as 
by a DREQ. Each channel has a request bit associated with 
it in the 4-bit Request register. These are non-maskable 
and subject to prioritization by the Priority Encoder network. 
Each register bit is set or reset separately under software 
control. The entire register is cleared by a Reset or Master 
Clear instruction. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for register ad¬ 
dress coding, and the following diagram for Request regi¬ 
ster format. A software request for DMA operation can be 
made in block or single modes. For memory-to-memory 
transfers, the software request for channel 0 should be set. 
When reading the Request register, bits 4-7 will always 
read as ones, and bits 0-3 will display the request bits of 
channels 0-3 respectively. 

Request Register 



7 6 5 4 3 2 1 


Don’t Care, 
Write 
Bits 4 -7 
All Ones, 
Read 



Bit Number 

00 Select channel 0 
01 Select channel 1 

10 Select channel 2 

11 Select channel 3 

0 Reset request bit 
1 Set request bit 
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Mask Register - Each channel has associated with it a mask 
bit which can be set to disable an incoming DREQ. Each 
mask bit is set when its associated channel produces an EOP 
if the channel is not programmed to Autoinitialize. Each bit of 
the 4-bit Mask register may also be set or cleared separately 
or simultaneously under software control. The entire register is 
also set by a Reset or Master Clear. This disables all hardware 
DMA requests until a Clear Mask Register Instruction allows 
them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. Refer to the following diagram and Figure 4 for 
details. When reading the Mask register, bits 4-7 will always 
read as logical ones, and bits 0-3 will display the mask bits of 
channels 0-3, respectively. The 4 bits of the mask register 
may be cleared simultaneously by using the Clear Mask 
Register command (see software commands section). 


Status Register - The Status register is available to be 
read out of the 82C37A by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached a 
terminal count and which channels have pending DMA 
requests. Bits 0-3 are set every time a TC is reached by that 
channel or an external EOP is applied. These bits are 
cleared upon Reset, Master Clear, and on each Status 
Read. Bits 4-7 are set whenever their corresponding 
channel is requesting service, regardless of the mask bit 
state. If the mask bits are set, software can poll the Status 
register to determine which channels have DREQs, and 
selectively clear a mask bit, thus allowing user defined 
service priority. Status bits 4-7 are updated while the clock 
is high, and latched on the falling edge. Status Bits 4-7 are 
cleared upon Reset or Master Clear. 


Mask Register 



Bit Number 

Select channel 0 mask bit 
Select channel 1 mask bit 
Select channel 2 mask bit 
Select channel 3 mask bit 

Clear mask bit 
Set mask bit 


All four bits of the Mask register may also be written with a 
single command. 



Bit Number 

Clear channel 0 mask bit 
Set channel 0 mask bit 

Clear channel 1 mask bit 
Set channel 1 mask bit 

Clear channel 2 mask bit 
Set channel 2 mask bit 

Clear channel 3 mask bit 
Set channel 3 mask bit 


Status Register 

|7| 6|5|4|3|2| 1 lol 


Bit Number 


I— 1 Channel 0 has reached TC 

— 1 Channel 1 has reached TC 

— 1 Channel 2 has reached TC 

— 1 Channel 3 has reached TC 


-1 Channel 0 request 
-1 Channel 1 request 
-1 Channel 2 request 
~ 1 Channel 3 request 


Temporary Register - The Temporary register is used to 
hold data during memory-to-memory transfers. Following 
the completion of the transfers, the last byte moved can be 
read by the microprocessor. The Temporary register always 
contains the last byte transferred in the previous memory-to- 
memory operation, unless cleared by a Reset or Master Clear. 


OPERATION 

A3 

A2 

A1 

AO 

■OR 

low 

Read Status Register 

1 

0 

0 

0 

0 

1 

Write Command Register 

1 

0 

0 

0 

1 

0 

Read Request Register 

1 

0 

0 

1 

0 

1 

Write Request Register 

1 

0 

0 

1 

1 

0 

Read Command Register 

1 

0 

1 

0 

0 

1 

Write Single Mask Bit 

1 

0 

1 

0 

1 

0 

Read Mode Register 

1 

0 

1 

1 

0 

1 

Write Mode Register 

1 

0 

1 

1 

1 

0 

Set First/Last F/F 

1 

1 

0 

0 

0 

1 

Clear FirsVLast F/F 

1 

1 

0 

0 

1 

0 

Read Temporary Register 

1 

1 

0 

1 

0 

1 

Master Clear 

1 

1 

0 

1 

1 

0 

Clear Mode Reg. Counter 

1 

1 

1 

0 

0 

1 

Clear Mask Register 

1 

1 

1 

0 

1 

0 

Read All Mask Bits 

1 

1 

1 

1 

0 

1 

Write Ail Mask Bits 

1 

1 

1 

1 

1 

0 


FIGURE 4. SOFTWARE COMMAND CODES AND REGISTER CODES 
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There are special software commands which can be 
executed by reading or writing to the 82C37A. These 
commands do not depend on the specific data pattern on 
the data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 

Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 82C37A. This command initializes the 
flip-flop to a known state (low byte first) so that subsequent 
accesses to register contents by the microprocessor will 
address upper and lower bytes In the correct sequence. 

Set First/Last Flip-Flop: This command will set the flip- 
flop to select the high byte first on read and write operations 
to address and word count registers. 

Master Clear: This software Instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. The 82C37A will enter the Idle cycle. 

Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 


Clear Mode Register Counter: Since only one address 
location is available for reading the Mode registers, an 
internal two-bit counter has been included to select Mode 
registers during read operations. To read the Mode 
registers, first execute the Clear Mode Register Counter 
command, then do consecutive reads until the desired 
channel is read. Read order is channel 0 first, channel 3 last. 
The lower two bits on all Mode registers will read as ones. 

Externa! EOF Operation 

The EOP pin is a bidirectional, open drain pin which may be 
driven by exte rnal signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up 
resistor to VCC Is required. The value of the external pull-up 
resistor used should guarantee a rise time of less than 
125ns. It is im porta nt to note that the 82C37A will not 
accept external EOP signals when it is in an SI (Idle ) state. 
The controller must be active to latch EXT EOP. Once 
latched, the EXT EOP will be acted upon during the next S2 
state, unless the 82C 37A e nters an idle state first. In the 
latter case, the latched EOP is cleared. External EOP pulses 
occurring between active DMA transfers in demand mode 
will not be recognized, since the 82C37A is in an SI state. 







REGISTER 

OPERATION 

Base and Current 
Address 

Write 

Current Address 

Read 

Base and Current 
Word Count 

Write 

Current Word Count 

Read 

Base and Current 
Address 

Write 

Current Address 

Read 

Base and Current 
Word Count 

Write 

Current Word Count 

Read 

Base and Current 
Address 

Write 

Current Address 

Read 

Base and Current 
Word Count 

Write 

Current Word Count 

Read 

Base and Current 
Address 

Write 

Current Address 

Read 

Base and Current 
Word Count 

Write 

Cu rrent Word Count 

Read 


SIGNALS 

A3 


FIRST/LAST 
FLIP-FLOP DATA BUS 
STATE DB0-DB7 


A0-A7 

A8-A15 

A0-A7 

A8-A15 

W0-W7 

W8-W15 

W0-W7 

W8-W15 


A8-A15 

W0-W7 

W8-W15 

W0-W7 

W8-W15 



A0-A7 

A8-A15 

A0-A7 

A8-A15 

W0-W7 

W8-W15 

W0-W7 

W8-W15 


A0-A7 

A8-A15 

A0-A7 

A8-A15 

W0-W7 

W8-W15 

W0-W7 

W8-W15 


FIGURE 5. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
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Application Information 

Figure 6 shows an application for a DMA system 
utilizing the 82C37A DMA controller and the 80C88 
Microprocessor. In this application, the 82C37A DMA 
controller is used to improve system performance by 
allowing an I/O device to transfer data directly to or from 
system memory. 

Components 

The system clock is generated by the 82C84A clock driver 
and is inverted to meet the clock high and low times 
required by the 82C37A DMA controller. The four OR gates 
are used to support the 80C88 Microprocessor in minimum 
mode by producing the control signals used by the proces¬ 
sor to access memory or I/O. A decoder is used to generate 
chip select for the DMA controller and memory. The most 
significant bits of the address are output on the address/ 
data bus. Therefore, the 82C82 octal latch is used to 
demultiplex the address. Hold Acknowledge (HLDA) and 


Address Enable (AEN) are “ORed” together to insure that 
the DMA controller does not have bus contention with the 
microprocessor. 

Operation 

A DMA request (DREQ) Is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue 
a Hold request (HRQ) to the processor. The system 
busses are not released to the DMA controller until a Hold 
Acknowledge signal is returned to the DMA controller from 
the 80C88 processor. After the Hold Acknowledge has 
been received, addresses and control signals are generated 
by the DMA controller to accomplish the DMA transfers. 
Data is transferred direc tly fr om the I /O device t o me mory 
(or vice versa) with lOR and MEMW (or MEMR and lOW) 
being active. Note that data is not read into or driven out of 
the DMA controller in l/O-to-memory or memory-to-l/0 
data transfers. 


82C84A 

OR 

82C85 


CLK 


HLDA 


HLDA 

HRQ 

AX 

ALE 

ADO 

M/io 

AD7 

RD 


WR 

MN/MX 


80C88 


, MEMR 

MEMW 

t>* 


MEMOS 

MEMR 


MEMW 



lOR 

low 


NOTE The address lines need pull-up resistors 


FIGURE 6. APPLICATION FOR DMA SYSTEM 
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Specifications 82C37A 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+8.0 Volts Thermal Resistance 


ojc 

60C/W 
120C/W 
.1 Watt 


Input, Output or I/O Voltage Applied_G ND -0.5V to VCC +0.5V Ceramic DIP Package. 28®C/W e^C/W 

Storage Temperature Range.-es^C to+1 SO^C LCC Package. 660C/W 120C/W 

Junction Temperature.+1 TS^C Maximum Package Power Dissipation.1 Watt 

Lead Temperature (Soldering, Ten Seconds).+300^0 Gate Count. 2325 Gates 

CAUTION: Stresses above those listed in the Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and opera¬ 
tion of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 



operating Voltage Range. 

.+4.5V to +5.5V Operating Temperature Ranges 



C82C37A . 

.OOC to +70OC 


I82C37A. 

.-40OCto+85OC 


M82C37A . 

. -550c to+1 25OC 

D.C. Electrical Specifications vcc 

= +5.0V ±10%, Ta = OOC to +70OC (C82C37A) 



Ta = -40OC to +850C (I82C37A) 

Ta = - 550 c to + 125 OC (M82C37A) 



SYMBOL 

PARAMETER 

VIH 

Logical One Input Voltage 

VIL 

Logical Zero Input Voltage 

VOH 

Output HIGH Voltage 

VOL 

Output LOW Voltage 

II 

Input Leakage Current 

10 

Output Leakage Current 

ICCSB 

Standby Power Supply 
Current 

ICCOP 

Operating Power Supply 
Current 


MAX UNITS 


TEST CONDITIONS 



- 10.0 + 10.0 


mA 


mA/MHz 


lOL = +2.5mA all ou tput except EOP, 
lOL = +3.2 for EOP pin 36 only. 


VIN = GND or VCC, Pins 6,7,11,12,13,16-1S 


VOUT = GND or VCC, Pins 1 -4,21-23, 
26-30,32-40. 


VCC = 5.5V, VIN = VCC or GND, 
Outputs Open 


VCC = 5.5V, CLK FREQ = Maximum, 
VIN = VCC or GND, Outputs Open 


Capacitance Ta = + 250 C 


SYMBOL 

PARAMETER 

TYPE 

UNITS 

CIN 

Input Capacitance 

20 

pF 

COUT 

Output Capacitance 

20 

PF 

Cl/O 

I/O Capacitance 

20 

pF 


TEST CONDITIONS 


FREQ = 1 MHz, All measurements are 
referenced to device GND 
















































































Specifications 82C37A 


A.u. biectricai specifications vcc = +5.ov ± 10 %, gnd = ov, 

Ta = 0°C to +70°C (C82C37A), 

Ta = -40°C to +85°C {I82C37A), 
Ta = -55°C to +125°C (M82C37A) 



DMA (Master) Mode 



(10)TASM 


{11)TASS 



(17)TDCTW 



(21)TEPW 


AEN HIGH from CLK LOW (S1) Delay 
Time 


AEN LOW from CLK HIGH (SI) Delay 
Time 


ADR Active to Float Delay from CLK 
HIGH 


READ or WRITE Float Delay from 

CLK HIGH 


DB Active to Float Delay from CLK 
HIGH 


ADR from REXD HIGH Hold Time 


DB from ADSTB LOW Hold Time 


ADR from WRITE HIGH Hold Time 


DACK Valid from CLK LOW 
Delay Time 


lOP HIGH from CLK HIGH 
Delay Time 


FOP LOW from CLK HIGH 
Delay Time 


ADR Stable from CLK HIGH 


DB to ADSTB LOW Setup Time 


Clock HIGH Time (Transitions 10ns) 


Clock LOW Time (Transitions 10ns) 


CLK Cycie Time 


CLK HiGH to PFAT5 or WRITE LOW 
Delay 


HEAD HIGH from CLK HIGH (S4) 
Delay Time 


WRITE HIGH from CLK HIGH (S4) 
Delay Tme 


HRQ Valid from CLK HIGH 
Delay Time 


FOP Hold Time from CLK LOW (S2) 


FOP LOW to CLK LOW Setup Time 


FOP Pulse Width 


(22)TFAAB ADR Vaiid Delay from CLK HIGH 


read or write Active from 
CLK HiGH 


(24)TFADB DB Vaiid Delay from CLK HIGH 
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Specifications B2C37A 


A.C. Electrical Specifications vcc = +5.ov ± 10 %, gnd = ov, (Continued) 

Ta = 0°C to +70°C {C82C37A), 

Ta = -40°C to +85°C {I82C37A). 

Ta = -55°C to +125°C {M82C37A) 




HLDA Valid to CLK HIGH Setup Time 


Input Data from MEMft HIGH 
Hold Time 


Input Data to MEMR HIGH 
Setup Time 


Output Data from MEMW HIGH 
Hold Time 

Output Data Valid to MEMw HIGH 

DREQ to CLK LOW (SI, S4) 

Setup Time 

CLK to READY LOW Hold Time 

READY to CLK LOW Setup Time 

ADSTB HIGH from CLK LOW 
Delay Time 


ADSTB LOW from CLK LOW 
Delay Time 


(35)TWRRD READ HIGH Delay from WRITE HIGH 


READ Pulse Width, Normal Timing 


{36)TRLRH 


{37)TSHSL 


ADSTB Pulse Width 


{38)TWLWHA Extended WRITE Pulse Width 


(39)TWLWH I WRITE Pulse Width 


READ Pulse Width, Compressed 


ADR Valid to READ LOW 


{56)TAVRL 


{57)TAVWL ADR Valid to WRITE LOW 


(58)TRHAL 


READ HIGH to AEN LOW 


(59)TRHSH I READ HIGH to ADSTB HIGH 


{60)TWHSH WRITE HIGH to ADSTB HIGH 


{61)TDVRL 


DACK Valid to READ LOW 


(62)TDVWL DACK Valid to WRITE LOW 


{63)TRHDI 


READ HIGH to DACK Inactive 


(64)TAZRL ADR Float to READ LOW 


Peripheral (Slave) Mode 


(41 )TAR ADR Valid or DR LOW to READ LOW 


(42)TAWL ADR Valid to WRITE LOW Setup Time 


(43)TCWL DR LOW to WRITE LOW Setup Time 


Data Valid to WRITE HIGH Setup Time 


(44)TDW 
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Specifications 82C37A 


A.C. Electrical Specifications vcc = + 5 .ov ±10%, gnd ov, (Continued) 

Ta = 0®C to +70OC (C82C37A), 

Ta = -40°C to +85®C (I82C37A), 

Ta = -55®C to +125°C (M82C37A) 
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Waveforms 

SLAVE MODE WRITE TIMING 



CS ^ 

_I 


»— TWC (53) 

J (43) 

TCWL 

c 


low \ 

TWWS ^ 


TWA (52) 

— 

(42) 

TAWL 


/O - A3 ^ 

" INPUT VAUD 

_> 

/ 

V 


(44) 


TWD (54) 


DBO - DB7 ^ 

INPUT VAUD 

e - 



FIGURE 8. SLAVE MODE TIMING 

NOTE Successive WRITE accesses to the 82C37A must allow at least TOY as recovery time between accesses. A TOY recovery time must be allowed before 
executing a WRITE access after a READ access 


SLAVE MODE READ TIMING 



FIGURE 9. SLAVE MODE READ 

NOTE Successive READ accesses to the 82C37A must allow at least TOY as recovery time bet\ween accesses A TOY recovery time must be allowed before 
executing a WRITE access after a READ access. 
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Waveforms 

MEMORY-TO-MEMORY TRANSFER TIMING 


82C37A 



FIGURE 11. MEMORY-TO-MEMORY TRANSFER 











82C37A 


vvaveTorms 

READY TIMING 


S2 


TDCL 

»(15)- 

TDCL 

N 

— (15) 


EXTENDED—\J 
WRITE 


(31) TRH- 
(32) TRS— 


TDCTR^(16)-H 


TDCTW— H (17) 



TRH (31) 


FIGURE 12. READY 

NOTE: READY must not transition during the specified setup and hold times 


COMPRESSED TRANSFER TIMING 


S2 

S4 

S2 

S4 

\ 


TASM k(10)- 


TDCL 1^(15)- 


TASM^{10)- 



VALID 
I TDCTR I 

h~(i6)-H 

IHC—-H- 


_tdclI 

jiin 


TDCTV^ 
TRH (31) 


TDCTW 

_ / 

TRH (31) 


FIGURE 13. COMPRESSED TRANSFER 
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Waveforms 

RESET TIMING 


(48) TRSTD- 

r*- (50) TRSTW- 



A.C. Testing Input, Output Waveforms 


INPUT 
VIH + 0.4V 


OUTPUT 

Z-LORH 


A.C. Test Circuits 

VI 

T 

OUTPUT FROM 

|ri 

DEVICE UNDER O- 

—f —-O TEST POINT 

TEST 

^C1* 

•Includes STRAY and FIXTURE Capacitance 

TEST CONDITION DEFINITION TABLE 



OUTPUT 

VOH 


OUTPUT 
LOR H-Z 


VOH 

VO-0.46- 


A.C. Testing: All AC. Parameters tested as per test circuits. Input RISE and FALL times are driven at Ins/V. 
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SEMICONDUCTOR 


February 1992 


CMOS Programmable Interval Timer 


Features 

• 10MHz or 8MHz Clock Input Frequency 

• Compatible with NMOS 8254 

- Enhanced Version of NMOS 8253 

• Three Independent 16 Bit Counters 

• Six Programmable Counter Modes 

• Status Read Back Command 

• Binary or BCD Counting 

• Fully TTL Compatible 

• Single 5V Power Supply 

• Low Power 

- ICCSB. 


- ICCOP...10mAat8MHz 

Operating Temperature Ranges 

- C82C54.0®Cto+70®C 

- I82C54.-40®Cto+85®C 

- M82C54 .-55®CtO+125®C 


Description 

The Harris 82C54 is a high performance CMOP Programma¬ 
ble Interval Timer manufactured using an advan "ted 2 micron 
CMOS process. 

The 82C54 has three independently programmable and 
functional 16-bit counters, each capable of handling clock 
input frequencies of up to 8MH2 (82C54) or lOMHz 
(82C54-10). 

The high speed and industry standard configuration of the 
82C54 make it compatible with the Harris 80C86, 80C88. 
and 80C286 CMOS microprocessors along with many other 
industry standard processors. Six programmable timer 
modes allow the 82C54 to be used as an event counter, 
elapsed time indicator, programmable one-shot, and many 
other applications. Static CMOS circuit design insures low 
power operation. 

The Harris advanced CMOS process results in a significant 
reduction in power with performance equal to or greater than 
existing equivalent products. 


Ordering Information 



Ceramic DIP 


SMD # 8406501JA 


LCC, SMD# 84065013A 


TEMPERATURE RANGE 


0°C to +70°C 


-40°C to +85°C 


0°C to +70°C 


-40°C to +85°C 


0°C to +70°C 


-40°C to +85°C 


-55°C to +125°C 


-55°C to +125°C 



MR82C54-10/B 


Pmouts 


24 LEAD DIP 

TOP VIEW 



28 LEAD PLCC AND LCC 

TOP VIEW 

S 8 & ^ ^ li g 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 a taa 


File Number 2970 
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Functional Description 


The 82C54 Is a programmable interval timer/counter 
designed for use with microcomputer systems, it is a gener¬ 
al purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 

The 82C54 solves one of the most common problems in 
any microcomputer system, the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in software, the programmer configures the 82C54 to 
match his requirements and programs one of the counters 
for the desired delay. After the desired delay, the 82C54 will 
interrupt the CPU. Software overhead is minimal and varia¬ 
ble length delays can easily be accommodated. 

Some of the other computer/timer functions common to 
microcomputers which can be implemented with the 82C54 
are: • Real time clock 

• Event counter 

• Digital one-shot 

• Programmable rate generator 

• Square wave generator 

• Binary rate multiplier 

• Complex waveform generator 

• Complex motor controller 

Data Bus Buffer 

This three-state, bi-directional, 8-bit buffer is used to 
interface the 82C54 to the system bus (see Figure 1). 


Read/Write Logic 

The Read/Write Logic accepts inputs from the system bus 
and generates control signals for the other functional blocks 
of the 82C54. A1 and AO select one of the three counters or 
the Control Word Register to be read from/written Into. A 
“low” on the RD Input tells the 82C54 th at th e CPU is read¬ 
ing one of the counters. A “low” on the WR input tells the 
82C54 that the C^is writing either a Control Word or an 
initia l count. Both RD and WR are qualified by CS; RD and 
WR arejgnored unless the 82C54 has been selected by 
holding CS low. 

Control Word Register 

The Control Word Register (Figure 2) is selected by the 
Read/Write Logic when A1, AO = 11. If the CPU then does a 
write operation to the 82C54, the data is stored in the Con¬ 
trol Word Register and is interpreted as a Control Word 
used to define the Counter operation. 

The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 

Counter 0, Counter 1, Counter 2 

These three functional blocks are identical in operation, so 
only a single Counter will be described. The internal block 
diagram of a single counter is shown in Figure 3. The 
counters are fully independent. Each Counter may operate 
in a different Mode. 




FIGURE 1. DATA BUS BUFFER AND READ/WRITE LOGIC 
FUNCTIONS 


FIGURE 2. CONTROL WORD REGISTER AND COUNTER 
FUNCTIONS 
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The Control Word Register is shown in the figure; it is not 
part of the Counter itself, but its contents determine how the 
Counter operates. 

The status register, shown in the figure, when latched, 
contains the current contents of the Control Word Register 
and status of the output and null count flag. (See detailed 
explanation of the Read-Back command.) 

The actual counter is labeled CE (for Counting Element). It is 
a 16 bit presettable synchronous down counter. 

OLM and OLL are two 8-bit latches. OL stands for “Output 
Latch”; the subscripts M and L for “Most significant byte” 
and “Least significant byte”, respectively. Both are normally 
referred to as one unit and called just OL. These latches 
normally “follow” the CE, but if a suitable Counter Latch 
Command is sent to the 82C54, the latches “latch” the pre¬ 
sent count until read by the CPU and then return to 
“following” the CE. One latch at a time is enabled by the 
counter’s Control Logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit internal 
bus. Note that the CE itself cannot be read; whenever you 
read the count, it is the OL that is being read. 

Similarly, there are two 8-bit registers called CRM and CRL 
(for “Count Register”). Both are normally referred to as one 
unit and called just CR. When a new count Is written to the 
Counter, the count is stored in the CR and later transferred 
to the CE. The Control Logic allows one register at a time to 
be loaded from the internal bus. Both bytes are transferred 
to the CE simultaneously. CRM and CRL are cleared when 
the Counter is programmed for one byte counts (either most 
significant byte only or least significant byte only) the other 
byte will be zero. Note that the CE cannot be written into; 
whenever a count is written, it is written into the CR. 


The Control Logic is also shown In the diagram. CLK n, 
GATE n, and OUT n are ail connected to the outside world 
through the Control Logic. 

82C54 System Interface 

The 82C54 is treated by the system software as an array of 
peripheral I/O ports; three are counters and the fourth is a 
control register for MODE programming. 

Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method 
or it can be connected to the output of a decoder, such as a 
Harris HD-6440 for larger systems. 

Operational Description 


After power-up, the state of the 82C54 is undefined. 
The Mode, count value, and output of all Counters are 
undefined. 

How each Counter operates is determined when it is 
programmed. Each Counter must be programmed before it 
can be used. Unused counters need not be programmed. 

Programming The 82C54 

Counters are programmed by writing a Control Word and 
then an initial count. 

All Control Words are written into the Control Word Regi¬ 
ster, which Is selected when A1, AO = 11. The Control Word 
specifies which Counter is being programmed. 

By contrast, initial counts are written into the Counters, not 
the Control Word Register. The A1, AO inputs are used to 
select the Counter to be written into. The format of the initial 
count is determined by the Control Word used. 



ADDRESS BUS (16) 


HH 



I GATE n f 
CLKn DUTn 


' OUT GATE CLK ' ' OUT GATE CLK ' 


FIGURE 3. COUNTER INTERNAL BLOCK DIAGRAM 


FIGURE 4. 82C54 SYSTEM INTERFACE 
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Write Operations 

The programming procedure for the 82C54 is very flexible. 
Only two conventions need to be remembered: 

1. For each Counter, the Control Word must be written be¬ 
fore the initial count is written. 

2. The initial count must follow the count format specified in 
the Control Word (least significant byte only, most signifi¬ 
cant byte only, or least significant byte and then most 
significant byte). 

Since the Control Word Register and the three Counters 
have separate addresses (selected by the A1, AO inputs), 
and each Control Word specifies the Counter it applies to 
(SCO, SC1 bits), no special instruction sequence is 
required. Any programming sequence that follows the 
conventions above is acceptable. 

Control Word Format 

A1, AO = 11; 0; RD = 1; WR = 0 


D6 


SCO 


sc - Select Counter. 


SCI SCO 


Select Counter 0 


Select Counter 1 


Select Counter 2 


Read-Back Command (See Read Operations) 


RW-Read/Write: 


RW1 RWO 


0 I 0 I Counter Latch Command (See Read Operations) 


0 1 Read/Write least significant byte only. 


0 Read/Write most significant byte only. 


ReadA/Vrite least significant byte first, 
then most significant byte. 


A1 AO 


Control Word - Counter 0 


LSB of Count - Counter 0 


MSB of Count - Counter 0 


Control Word - Counter 1 


LSB of Count - Counter 1 


MSB of Count - Counter 1 


Control Word - Counter 2 


LSB of Count - Counter 2 


MSB of Count - Counter 2 


Control Word - Counter 0 


Control Word - Counter 1 


Control Word - Counter 2 


LSB of Count - Counter 2 


LSB of Count - Counter 1 


LSB of Count - Counter 0 


MSB of Count - Counter 0 


MSB of Count - Counter 1 


MSB of Count - Counter 2 



Binary Counter 16-bits 


Binary Coded Decimal (BCD) Counter (4 Decades) 


NOTE: Don't Care bits (X) should be 0 to insure compatibility with future 
products. 

FIGURE 5. CONTROL WORD FORMAT 


Control Word - Counter 2 


Control Word - Counter 1 


Control Word - Counter 0 


LSB of Count - Counter 2 


MSB of Count - Counter 2 


LSB of Count - Counter 1 


MSB of Count - Counter 1 


LSB of Count - Counter 0 


MSB of Count - Counter 0 


Control Word - Counter 1 


Control Word - Counter 0 


LSB of Count - Counter 1 


Control Word - Counter 2 


LSB of Count - Counter 0 


MSB of Count - Counter 1 


LSB of Count - Counter 2 


MSB of Count - Counter 0 


MSB of Count - Counter 2 







A1 

AO 





NOTE: In ail four examples, all counters are programmed to Read/Write 
two-byte counts. These are only four of many programming 
sequences. 

FIGURE 6. A FEW POSSIBLE PROGRAMMING SEQUENCES 
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A new initial count may be written to a Counter at any time 
without affecting the Counter’s programmed Mode in any 
way. Counting will be affected as described in the Mode 
definitions. The new count must follow the programmed 
count format. 

If a Counter is programmed to read/write two-byte counts, 
the following precaution applies: A program must not trans¬ 
fer control between writing the first and second byte to 
another routine which also writes into that same Counter. 
Otherwise, the Counter will be loaded with an incorrect 
count. 

Read Operations 

It is often desirable to read the value of a Counter without 
disturbing the count in progress. This is easily done in the 
82C54. 

There are three possible methods for reading the Counters. 
The first is through the Read-Back command, which is 
explained later. The second is a simple read operation of the 
Counter, which is selected with the A1, AO inputs. The only 
requirement is that the CLK input of the selected Counter 
must be Inhibited by using either the GATE input or external 
logic. Otherwise, the count may be in process of changing 
when it Is read, giving an undefined result. 

Counter Latch Command 

The other method for reading the Counters involves a 
special software command called the “Counter Latch 
Command”. Like a Control Word, this command is written to 
the Control Word Register, which is selected when A1, AO = 
11. Also, like a Control Word, the SCO, SCI bits select one 
of the three Counters, but two other bits, D5 and D4, distin¬ 
guish this command from a Control Word. 


A1, AO = 11; CS = 0; RD = 1; WR = 0 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

SC1 

SCO 

0 

0 

X 

X 

X 

X 


SCI, SCO - specify counter to be latched 


SCI 

SCO 

COUNTER 

0 

0 

0 

0 

1 

1 

1 

0 

2 

1 

1 

Read-Back Command 


D5, D4 - 00 designates Counter Latch Command 
X - Don’t Care 

NOTE: Don’t Care bits (X) should be 0 to insure compatibility with future 
products. 

FIGURE 7. COUNTER LATCH COMMAND FORMAT 

The selected Counter’s output latch (OL) latches the count 
when the Counter Latch Command is received. This count 
is held in the latch until it is read by the CPU (or until the 


Counter is reprogrammed). The count is then unlatched 
automatically and the OL returns to “following” the counting 
element (CE). This allows reading the contents of the Coun¬ 
ters “on the fly” without affecting counting in progress. 
Multiple Counter Latch Commands may be used to latch 
more than one Counter. Each latched Counter’s OL holds 
its count until read. Counter Latch Commands do not affect 
the programmed Mode of the Counter in any way. 

If a Counter Is latched and then, some time later, latched 
again before the count is read, the second Counter Latch 
Command is ignored. The count read will be the count at the 
time the first Counter Latch Command was issued. 

With either method, the count must be read according to the 
programmed format; specifically, if the Counter is 
programmed for two byte counts, two bytes must be read. 
The two bytes do not have to be read one right after the 
other; read or write or programming operations of other 
Counters may be inserted between them. 

Another feature of the 82C54 is that reads and writes of the 
same Counter may be interleaved; for example, if the Coun¬ 
ter Is programmed for two byte counts, the following 
sequence is valid. 1. Read least significant byte. 

2. Write new least significant byte. 

3. Read most significant byte. 

4. Write new most significant byte. 

If a Counter is programmed to read or write two-byte 
counts, the following precaution applies: A program MUST 
NOT transfer control between reading the first and second 
byte to another routine which also reads from that same 
Counter. Otherwise, an incorrect count will be read. 

Read-Back Command 

The read-back command allows the user to check the 
count value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected counter(s). 

The command is written into the Control Word Register and 
has the format shown in Figure 8. The command applies to 
the counters selected by setting their corresponding bits 
D3, D2, D1 = 1. 


AO, A1 = 11; CS = 0; RD = 1; WR = 0 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

1 

1 

COUNT 

STATUS 

CNT2 

CNT1 

CNTO 

0 


D5; 0 = Latch count of selected Counter(s) 

D4: 0 = Latch status of selected Counter(s) 


D3: 1 Select Counter 2 

D2: 1 = Select Counter 1 

D1: 1 = Select Counter 0 

DO: Reserved for future expansion; Must be 0 

FIGURE 8. READ-BACK COMMAND FORMAT 
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The read-back command may be used to latch multiple 
counter output latches (OL) by setting the COUNT bit 
D5 = 0 and selecting the desired counter(s). This single 
command is functionally equivalent to several counter latch 
commands, one for each counter latched. Each counter’s 
latched count is held until it is read (or the counter is 
reprogrammed). That counter is automaticaily unlatched 
when read, but other counters remain latched until they are 
read. If multiple count read-back commands are issued to 
the same counter without reading the count, all but the first 
are ignored; i.e., the count which will be read is the count at 
the time the first read-back command was issued. 

The read-back command may also be used to latch status 
information of selected counter{s) by setting STATUS bit D4 
=: 0. Status must be latched to be read; status of a counter is 
accessed by a read from that counter. 

The counter status format is shown in Figure 9. Bits D5 
through DO contain the counter’s programmed Mode exact¬ 
ly as written in the last Mode Control Word. OUTPUT bit D7 
contains the current state of the OUT pin. This allows the 
user to monitor the counter’s output via software, possibly 
eliminating some hardware from a system. 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

OUTPUT 

NULL 

COUNT 

RW1 

RWO 

M2 

Ml 

MO 

BCD 


D7 1 = Out pin is 1 
0= Out pin is 0 
D6 1 = Null count 


0 = Count available for reading 
D5-D0 = Counter programmed mode (See Figure 5) 

FIGURE 9. STATUS BYTE 

NULL COUNT bit D6 indicates when the last count written 
to the counter register (CR) has been loaded into the count¬ 
ing element (CE). The exact time this happens depends on 
the Mode of the counter and is described In the Mode 


Definitions, but until the counter is loaded into the counting 
element (CE), it can’t be read from the counter. If the count 
is latched or read before this time, the count value will not 
reflect the new count just written. The operation of Null 


Count is shown In Figure 10. 

THIS ACTION: CAUSES: 

A. Write to the control word register: (1). Null Count = 1 

B. Write to the count register (CR): (2). Null Count = 1 

C. New count is loaded into CE (CR - CE). Null Count = 0 


(1) Only the counter specified by the control word will have Its null 
count set to 1. Null count bits of other counters are unaffected. 

(2) If the counter is programmed for two-byte counts (least signifi¬ 
cant byte then most significant byte) null count goes to 1 when 
the second byte is written. 

FIGURE 10. NULL COUNT OPERATION 

If multiple status latch operations of the counter(s) are 
performed without reading the status, ail but the first are 
ignored; i.e., the status that will be read Is the status of the 
counter at the time the first status read-back command was 
issued. 

Both count and status of the selected counter(s) may be 
latched simultaneously by setting both COUNT and 
STATUS bits D5, D4 = 0. This is functionally the same as 
issuing two separate read-back commands at once, and 
the above discussions apply here also. Specifically, if multi¬ 
ple count and/or status read-back commands are issued to 
the same counter(s) without any intervening reads, all but 
the first are Ignored. This is illustrated in Figure 11. If both 
count and status of a counter are latched, the first read 
operation of that counter will return latched status, regard¬ 
less of which was latched first. The next one or two reads 
(depending on whether the counter is programmed for one 
or two type counts) return latched count. Subsequent reads 
return unlatched count. 



DESCRIPTION 


0 

Read Back Count and Status 
of Counter 0 

0 

Read-Back Status Cf Counter 1 

0 

Read-Back Status of 

Counters 2,1 

0 

Read-Back Count of Counter 2 

0 

Read-Back Count and Status of 
Counter 1 

0 

Read-Back Status of Counter 1 



Count and Status Latched for 
Counter 0 


Status Latched for Counter 1 



Command Ignored, Status 
Already Latched for Counter 1 


FIGURE 11. READ-BACK COMMAND EXAMPLE 
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cs 

RD 

WR 

A1 

AO 


0 

1 

0 

0 

0 

Write into Counter 0 

0 

1 

0 

0 

1 

Write Into Counter 1 

0 

1 

0 

1 

0 

Write into Counter 2 

0 

1 

0 

1 

1 

Write Control Word 

0 

0 

1 

0 

0 

Read from Counter 0 

0 

0 

1 

0 

1 

Read from Counter 1 

""o 

0 

1 

1 

0 

Read from Counter 2 

0 

0 

1 

1 

1 

No-Operation (Three-State) 

1 

X 

X 

X 

X 

No-Operation (Three-State) 

0 

1 

1 

X 

X 

No-Operation (Three-State) 


FIGURE 12. READ/WRITE OPERATIONS SUMMARY 


Mode Definitions 

The following are defined for use in describing the operation 
of the 82C54. 

CLK PULSE: 

A rising edge, then a falling edge, in that order, of a Coun¬ 
ter’s CLK input. 

TRIGGER: 

A rising edge of a Counter’s Gate input. 

COUNTER LOADING: 

The transfer of a count from the CR to the CE 
(See “Functional Description’’) 

Mode 0: Interrupt on Terminal Count 

Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially low, and will remain 
low until the Counter reaches zero. OUT then goes high and 
remains high until a new count or a new Mode 0 Control 
Word is written to the Counter. 

GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. 

After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next CLK 
pulse. This CLK pulse does not decrement the count, so for 
an initial count of N, OUT does not go high until N + 1 CLK 
pulses after the initial count is written. 

If a new count is written to the Counter it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 

(1) Writing the first byte disables counting. Out is set low 
immediately (no clock pulse required). 

(2) Writing the second byte allows the new count to be 
loaded on next CLK pulse. 


This allows the counting sequence to be synchronized by 
software. Again OUT does not go high until N -»■ 1 CLK 
pulses after the new count of N is written. 

If an initial count is written while GATE — 0, it will still be 
loaded on the next CLK pulse. When GATE goes high, OUT 
will go high N CLK pulses later; no CLK pulse is needed to 
load the counter as this has already been done. 

Mode 1: Hardware Retriggerable One-Shot 

OUT will be initially high. OUT will go low on the CLK pulse 
following a trigger to begin the one-shot pulse, and will 
remain low until the Counter reaches zero. OUT will then 
go high and remain high until the CLK pulse after the next 
trigger. 

After writing the Control Word and initial count, the Counter 
is armed. A trigger results in loading the Counter and setting 
OUT low on the next CLK pulse, thus starting the one-shot 
pulse N CLK cycles in duration. The one-shot is 
retriggerable, hence OUT will remain low for N CLK pulses 
after any trigger. The one-shot pulse can be repeated with¬ 
out rewriting the same count into the counter. GATE has no 
effect on OUT. 

If a new count is written to the Counter during a one-shot 
pulse, the current one-shot is not affected unless the Coun¬ 
ter is retriggered. In that case, the Counter is loaded with the 
new count and the one-shot pulse continues until the new 
count expires. 

Mode 2: Rate Generator 

This Mode functions like a divide-by-N counter. It is typical¬ 
ly used to generate a Real Time Clock interrupt. OUT will 
initially be high. When the initial count has decremented to 
1, OUT goes low for one CLK pulse. OUT then goes high 
again, the Counter reloads the initial count and the process 
Is repeated. Mode 2 is periodic; the same sequence is 
repeated indefinitely. For an initial count of N, the sequence 
repeats every N CLK cycles. 

GATE = 1 enables counting; GATE = 0 disables counting. If 
GATE goes low during an output pulse, OUT is set high 
immediately. A trigger reloads the Counter with the initial 
count on the next CLK pulse; OUT goes low N CLK pulses 
after the trigger. Thus the GATE input can be used to 
synchronize the Counter. 

After writing a Control Word and initial count, the Counter 
will be loaded on the next CLK pulse. OUT goes low N CLK 
pulses after the initial count is written. This allows the Coun¬ 
ter to be synchronized by software also. 

Writing a new count while counting does not affect the 
current counting sequence. If a trigger Is received after writ¬ 
ing a new count but before the end of the current period, the 
Counter will be loaded with the new count on the next CLK 
pulse and counting will continue from the new count. Other¬ 
wise, the new count will be loaded at the end of the current 
counting cycle. 
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NOTE; The following conventions apply to all mode timing diagrams. 

1. Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. 

2. The counter is always selected (CS always low). 

3. CW stands for “Control Word”; CW = 10 means a control word of 
10, Hex IS written to the counter. 

4. LSB stands for Least significant "byte” of count. 

5. Numbers below diagrams are count values. The lower number is 
the least significant byte The upper number is the most significant 
byte. Since the counter is programmed to read/write LSB only, the 
most significant byte cannot be read. 

6. N stands for an undefined count. 

7. Vertical lines show transitions between count values. 


FIGURE 13. MODEO 
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Mode 3: Square Wave Mode 

Mode 3 is typically used for Baud rate generation. Mode 3 is 
similar to Mode 2 except for the duty cycle of OUT. OUT will 
initially be high. When half the initial count has expired, OUT 
goes low for the remainder of the count. Mode 3 is periodic; 
the sequence above is repeated indefinitely. An initial count 
of N results in a square wave with a period of N CLK cycles. 

GATE = 1 enables counting; GATE = 0 disables counting. If 
GATE goes low while OUT is low, OUT is set high 
immediately; no CLK pulse is required. A trigger reloads the 
Counter with the initial count on the next CLK pulse. Thus 
the GATE input can be used to synchronize the Counter. 

After writing a Control Word and initial count, the Counter 
will be loaded on the next CLK pulse. This allows the Coun¬ 
ter to be synchronized by software also. 


Writing a new count while counting does not affect the cur¬ 
rent counting sequence. If a trigger is received after writing 
a new count but before the end of the current half-cycle of 
the square wave, the Counter will be loaded with the new 
count on the next CLK pulse and counting will continue 
from the new count. Otherwise, the new count will be 
loaded at the end of the current half-cycle. 

Mode 3 Is Implemented as Follows; 

EVEN COUNTS: OUT is Initially high. The initial count is 
loaded on one CLK pulse and then is decremented by two 
on succeeding CLK pulses. When the count expires, OUT 
changes value and the Counter is reloaded with the initial 
count The above process is repeated indefinitely. 


CW = 14 LSB = 3 
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FIGURE 15. MODE 2 


FIGURE 16. MODE 3 
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ODD COUNTS: OUT is initially high. The initial count is 
loaded on one CLK pulse, decremented by one on the next 
CLK pulse, and then decremented by two on succeeding 
CLK pulses. When the count expires, OUT goes low and the 
Counter is reloaded with the initial count. The count Is dec¬ 
remented by three on the next CLK pulse, and then by two 
on succeeding CLK pulses. When the count expires, OUT 
goes high again and the Counter is reloaded with the initial 
count. The above process is repeated indefinitely. So for 
odd counts, OUT will be high for (N + 1)/2 counts and low 
for (N - 1)/2 counts. 

Mode 4: Software Triggered Mode 

OUT will be initially high. When the initial count expires, 
OUT will go low for one CLK pulse then go high again. 
The counting sequence is “Triggered” by writing the initial 
count. 

GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. 


After writing a Control Word and initial count, the Counter 
will be loaded on the next CLK pulse. This CLK pulse does 
not decrement the count, so for an initial count of N, OUT 
does not strobe low until N + 1 CLK pulses after the initial 
count is written. 

If a new count is written during counting, it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count Is written, the following happens: 

(1) Writing the first byte has no effect on counting. 

(2) Writing the second byte allows the new count to be 
loaded on the next CLK pulse. 

This allows the sequence to be “retriggered” by software. 
OUT strobes low N + 1 CLK pulses after the new count of N 
is written. 

Mode 5: Hardware Triggered Strobe (Retriggerable) 

OUT will initially be high. Counting is triggered by a rising 
edge of GATE. When the initial count has expired, OUT will 
go low for one CLK pulse and then go high again. 
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FIGURE 17. MODE 4 


FIGURE 18. MODE 5 
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After writing the Control Word and initial count, the counter 
will not be loaded until the CLK pulse after a trigger. This 
CLK pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe low until N + 1 CLK pulses 
after trigger. 

A trigger results in the Counter being loaded with the initial 
count on the next CLK pulse. The counting sequence is 
triggerable. OUT will not strobe low for N + 1 CLK pulses 
after any trigger. GATE has no effect on OUT. 

If a new count is written during counting, the current count¬ 
ing sequence will not be affected. If a trigger occurs after 
the new count is written but before the current count 
expires, the Counter will be loaded with the new count on 
the next CLK pulse and counting will continue from there. 

Operation Common to AH Modes 

Programming 

When a Control Word is written to a Counter, all Control 
Logic is immediately reset and OUT goes to a known Initial 
state; no CLK pulses are required for this. 

Gate 

The GATE input is always sampled on the rising edge of 
CLK. In Modes 0, 2, 3 and 4 the GATE input is level sensi¬ 
tive, and logic level is sampled on the rising edge of CLK. In 
modes 1,2,3 and 5 the GATE input is rising-edge sensitive. 
In these Modes, a rising edge of Gate (trigger) sets an 
edge-sensitive flip-flop in the Counter. This flip-flop is then 
sampled on the next rising edge of CLK. The flip-flop is 
reset immediately after it is sampled. In this way, a trigger 
will be detected no matter when it occurs - a high logic level 
does not have to be maintained until the next rising edge of 
CLK. Note that in Modes 2 and 3, the GATE input is both 
edge-and level-sensitive. 

Counter 

New counts are loaded and Counters are decremented on 
the falling edge of CLK. 

The largest possible initial count is 0; this is equivalent to 
2‘>6 for binary counting and for BCD counting. 

The counter does not stop when it reaches zero. In Modes 
0 , 1 , 4 and 5 the Counter "wraps around” to the highest 
count, either FFFF hex for binary counting or 9999 for BCD 


counting, and continues counting. Modes 2 and 3 are 
periodic; the Counter reloads itself with the initial count and 
continues counting from there. 


SIGNAL 

STATUS 

MODES 

LOW 

OR GOING 
LOW 

RISING 

HIGH 

0 

Disables 

counting 


Enables 

counting 

1 


1) Initiates 
counting 

2) Resets output 
after next clock 


2 

1) Disables 
counting 

2) Sets output 
immediately 
high 

Initiates 

counting 

Enables 

counting 

3 

1) Disables 
counting 

2) Sets output 
immediately 
high 

Initiates 

counting 

Enables 

counting 

4 

1) Disables 
counting 


Enables 

counting 

5 


Initiates 

counting 



FIGURE 19. GATE PIN OPERATIONS SUMMARY 



MIN 

MAX 

MODE 

COUNT 

COUNT 

0 

1 

0 

1 

1 

0 

2 

2 

0 

3 

2 

0 

4 

1 

0 

5 

1 

0 


NOTE: 0 is equivalent to 2^ ® for binary counting and 10'* for BCD counting. 

FIGURE 20. MINIMUM AND MAXIMUM INITIAL COUNTS 
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Specifications 82C54 


Absolute Maximum Ratings Reliability Information 

Supply Voltage.+8.0V Thermal Resistance. e,a Ojc 

Input, Output or I/O Voltage.GND-0.5V to VCC+0.5V Ceramic DIP Package. 47°C/W 8°C/W 

Storage Temperature Range.-65°C to +150°C Ceramic LCC Package. 49°C/W 5°C/W 

Junction Temperature.+175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s).+300°C Ceramic DIP Package.1.07W 

ESD Classification.Class 1 Ceramic LCC Package.1.03W 

Gate Count.2250 Gates 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

operating Voltage Range.+4.5V to +5.5V Operating Temperature Range 

C82C54, C82C54-10.0°C to +70®C 

I82C54,182C54-10 . -40°Cto+85°C 

M82C54, M82C54-10 .-55°C to+125°C 


DC Eiectricai Specifications vcc = +5.ov ± io%, ta= o°c to +70°c (C82C54, C82C54-io) 

TA = -40°C to +85°C (I82C54,182C54-10) 


TA = -55°C to +125°C {M82C54, M82C54-10) 


SYMBOL 





PARAMETER 


Logical One Input Voltage 


Logical Zero Input Voltage 


Output HIGH Voltage 


Output LOW Voltage 


Input Leakage Current 


Output Leakage Current 


Standby Power Supply 
Current 


Operating Power Supply 
Current 



TEST CONDITIONS 


C82C54,182C54 


M82C54 


lOH = -2.5mA 


IOH = -100mA 


lOL = +2.5mA 


VIN = GND or VCC 
DIP Pins 9,11,14-16,18-23 


VOUT = GNDorVCC 
DIP Pins 1-8 


VCC = 5.5V, VIN = GND or 
VCC, Outputs Open, 
Counters Programmed 


VCC = 5.5V, CLKO = 
CLK1 = CLK2 = 8MHz, 
VIN = GND or VCC, 
Outputs Open 


Capacitance ta = +25^0; AII Measurements Referenced to Device GND, Note 1 



SYMBOL 

PARAMETER 

TYP 

UNITS 

TEST CONDITIONS 

CIN 

input Capacitance 

15 

PF 

FREQ = 1MHz 

COUT 

Output Capacitance 

15 

PF 

FREQ = 1MHz 

Cl/0 

I/O Capacitance 

15 

pF 

FREQ = 1MHz 



NOTE: 

1. Not tested, but characterized at initial design and at major process/design changes. 
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Specifications 82C54 


AC Electrical Specifications vcc = +5.ov ± 10 %. 


TA = 0°C to +70°C {C82C54, C82C54-10) 

TA = -40°C to +85°C (I82C54,182C54-10) 

TA = -55°C to +125°C (M82C54, M82C54-10) 


PARAMETER 


SYMBOL 


READ CYCLE 


TAR Address Stable Before RD 


TSR CS Stable Before RD 


TRA Address Hold Time After RD 


TRR RD Pulse Width 


TRD Data Delay from RD 


TAD Data Delay from Address 


TDF RD to Data Floating 


TRV Command Recovery Time 


82C54 


MIN MAX 


PRELIMINARY 

82C54-10 

MAX UNITS TEST CONDITIONS 


(1) 

TAR 

(2) 

TSR 

(3) 

TRA 

(4) 

TRR 

(5) 

TRD 

(6) 

TAD 

(7) 

TDF 

(8) 

TRV 

WRITE CYCLE 

(9) 

TAW 

(10) 

TSW 

(11) 

TWA 

(12) 

TWW 

(13) 

TDW 

(14) 

TWD 

(15) 

TRV 


TAW Address Stable Before WR 


TSW CS Stable Before WR 


TWA Address Hold Time After WR 


TWW WR Pulse Width 


TDW Data Setup Time Before WR 


TWD Data Hold Time After WR 


TRV Command Recovery Time 


CLOCK AND GATE 


(16) 

TCLK 

(17) 

TPWH 

(18) 

TPWL 

(19) 

TR 

(20) 

TF 

(21) 

TGW 

(22) 

TGL 

(23) 

TGS 

(24) 

TGH 

(25) 

TOD 

(26) 

TODG 

(27) 

TWO 

(28) 

TWC 

(29) 

TWG 

(30) 

TCL 

NOTE: 




TR Clock Rise Time 


TF Clock Fall Time 


TGW Gate Width High 


TGL Gate Width Low 


TGS Gate Setup Time to CLK 


TGH Gate Hold Time After CLK 


TOD Output Delay from CLK 


TODG Output Delay from Gate 


TWO OUT Delay from Mode Write 


TWC CLK Delay for Loading 


TWG Gate Delay for Sampling 


TCL CLK Setup for Count Latch 


1. Not tested, but characterized at initial design and at major process/design changes. 
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Pvietaiiization / opoiogy 

DIE DIMENSIONS: 

183,5 X 215.7 X 19 ± 1 mils 
METALLIZATION: 

Type: Silicon - Aluminum 
Thickness: 11kA ± 2kA 
GLASSIVATION: 

Type: Si02 
Thickness: 8kA ± IkA 
DIE ATTACH: 

Material: Gold - Silicon Eutectic Alloy (LCC has Gold 
Preform) 

Temperature: Ceramic DIP — 460OC (Max) 

Ceramic LCC — 420OC (Max) 

WORST CASE CURRENT DENSITY: 

0.26 X 105 A/cm2 


Metallization Mask Layout 


D4 


D3 


DO 


82C54 


CS 


CLK2 


OUT2 


GATE2 



CLKO 














































SEMICONDUCTOR 


82C55A 


February 1992 


CMOS Programmable 
Peripheral Interface 


Features 

• Pin Compatible with NMOS 8255A 

• 24 Programmable I/O Pins 

• Fully TTL Compatible 

• High Speed, No ‘*Wait State” Operation with 5MHz and 
8MHz 80C86 and 80C88 

• Direct Bit Set/Reset Capability 

• Enhanced Control Word Read Capability 

• Scaled SAJI IV CMOS Process 

• 2.5mA Drive Capabiiity on Ail I/O Ports 

• Low Standby Power (ICCSB).10|iA 

Ordering Information 


PACKAGE 

TEMPERATURE 

RANGE 

5MHz 

8MHz 

Plastic DIP 

0°C to +70°C 

CP82C55A-5 

CP82C55A 


-40°C to +85°C 

IP82C55A-5 

IP82C55A 

PLCC 

0°C to +70°C 

CS82C55A-5 

CS82C55A 


-40°C to +85°C 

IS82C55A-5 

IS82C55A 

Ceramic DIP 

0°C to +70°C 

CD82C55A-5 

CD82C55A 


-40°C to +85°C 

ID82C55A-5 

ID82C55A 


-55°C to +125°C 

MD82C55A-5/B 

MD82C55A/B 

SMD# 


8406601QA 

8406602QA 

LCC 

-55°C to +125°C 

MR82C55A-5/B 

MR82C55A/B 

SMD# 


8406601XA 

8406602XA 


Description 

The Harris 82C55A is a high performance CMOS version of 
the industry standard 8255A and is manufactured using a 
self-aligned silicon gate CMOS process (Scaled SAJI IV). It 
is a general purpose programmable I/O device which may be 
used with many different microprocessors. There are 24 I/O 
pins which may be individually programmed in 2 groups of 
12 and used in 3 major modes of operation. The high 
performance and industry standard configuration of the 
82C55A make it compatible with the 80C86, 80C88 and 
other microprocessors. 

Static CMOS circuit design insures low operating power. TTL 
compatibility over the full military temperature range and bus 
hold circuitry eliminate the need for pull-up resistors. The 
Harris advanced SAJI process results in performance equal 
to or greater than existing functionally equivalent products at 
a fraction of the power. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Hin Description 


DIP PIN 
SYMBOL NUMBER 



PB0-PB7 18-25 


PC0-PC7 10-17 


VCC: the +5V power supply pin. A 0.1 fiF capacitor between pins 26 and 7 is 
recommended for decoupling. 


DATA BUS: The Data Bus lines are bidirectional three-state pins connected to the 
system data bus. 


RESET: A high on this input clears the control register and ail ports (A, B, C) are set to 
the input mode with the “Bus Hold” circuitry turned on. 


CHIP SELECT: Chip select is an active low input used to enable the 82C55A onto the 
Data Bus for CPU communications. 


READ: Read is an active low input control signal used by the CPU to read status 
information or data via the data bus. 


WRITE: Write is an active low input control signal used by the CPU to load control words 
and data into the 82C55A. 


ADDRESS: These input signals, In conjunction with the RD and WR inputs, control the 
selection of one of the three ports or the control word register. AO and A1 are normally 
connected to the least significant bits of the Address Bus AO, A1). 


PORT A: 8 Bit input and output port. Both bus hold high and bus hold low circuitry are 
present on this port. 


PORT B: 8 Bit input and output port. Bus hold high circuitry is present on this port. 


PORT C: 8 Bit input and output port. Bus hold high circuitry is present on this port. 


Functional Description 
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Functional Description 

Data Bus Buffer 

This three-state bi-directional 8 bit buffer is used to 
interface the 82C55A to the system data bus. Data is trans¬ 
mitted or received by the buffer upon execution of input or 
output instructions by the CPU. Control words and status 
information are also transferred through the data bus buffer. 

Read/Write and Control Logic 

The function of this block is to manage all of the internal and 
external transfers of both Data and Control or Status words. 
It accepts inputs from the CPU Address and Control busses 
and in turn, issues commands to both of the Control 
Groups. 

(CS) Chip Select. A “low” on this input pin enables the 
communication between the 82C55A and the CPU. 

(RD) Read. A “low” on this input pin enables the 82C55A to 
send the data or status information to the CPU on the data 
bus. In essence, it aliows the CPU to “read from” the 
82C55A. 

(WR) Write. A “low” on this input pin enables the CPU to 
write data or control words Into the 82C55A. 

(AO and A1) Port Select 0 and Port Select 1. These Input 
signals, in conjunction with the RD and WR inputs, control 
the selection of one of the three ports or the control word 
register. They are normally connected to the least signifi¬ 
cant bits of the address bus (AO and A1). 


82C55A BASIC OPERATION 




FIGURE 1. 82C55A BLOCK DIAGRAM. DATA BUS BUFFER, 
READ/WRITE, GROUP A & B CONTROL LOGIC 
FUNCTIONS 

(RESET) Reset. A “high” on this Input initializes the control 
register to 9Bh and all ports (A, B, C) are set to the input 
mode. “Bus hold” devices internal to the 82C55A will hold 
the I/O port inputs to a logic “1 ” state with a maximum hold 
current of 400|iA. 

Group A and Group B Controls 

The functional configuration of each port is programmed by 
the systems software. In essence, the CPU “outputs” a 
control word to the 82C55A. The control word contains 
information such as “mode”, “bit set”, “bit reset”, etc., that 
initializes the functional configuration of the 82C55A. 

Each of the Control blocks (Group A and Group B) accepts 
“commands” from the Read/Write Control Logic, receives 
“control words” from the internal data bus and issues the 
proper commands to its associated ports. 

Control Group A - Port A and Port C upper (C7 - C4) 

Control Group B - Port B and Port C lower (C3 - CO) 

The control word register can be both written and read as 
shown in the “Basic Operation” table. Figure 4 shows the 
control word format for both Read and Write operations. 
When the control word is read, bit D7 will always be a logic 
“1”, as this implies control word mode information. 


4-217 









82C55A 


Ports A, B and C 

The 82C55A contains three 8 bit ports (A, B, and C). All can 
be configured to a wide variety of functional characteristics 
by the system software but each has its own special 
features or “personality” to further enhance the power and 
flexibility of the 82C55A. 

Port A One 8 bit data output latch/buffer and one 8 bit data 
input latch. Both “pull-up” and “pull-down” bus^hold de¬ 
vices are present on Port A. See Figure 2a. 

Port B One 8 bit data input/output latch/buffer and one 8 
bit data input buffer. See Figure 2b. 

Port C One 8 bit data output latch/buffer and one 8 bit data 
input buffer (no latch for input). This port can be 
divided into two 4 bit ports under the mode control. Each 4 
bit port contains a 4 bit latch and it can be used for the control 
signal outputs and status signal inputs in conjunction with 
ports A and B. See Figure 2b. 


a) 


MASTER 
RESET 
OR MODE 
CHANGE 


INPUT MODE 


INTERNAL 
DATA IN 


—o<f 


INTERNAL 
DATA OUT 
(LATCHED) 


OUTP^MODE 


EXTERNAL 
PORT A PIN 


IT 


IT 


CONTROL BUS 


XT 


n u 


i R 0 ,WR 07-0 

0 A0-A1 1 

X X 

_ 82 CS 5 A y 

J B ,-A-- A I 

PB7-PB0 PC3-PC0 

^^0 ^^0 

PC7-PC4 PA^Ao 

3 ^ ■» » 

A nr 




PB7-PB0 CONTROL CONTROL PA7-PA0 
OR I/O OR I/O 


-ou 


1 1 


J m-DIRECTIONAL 


FIGURE 3. BASIC MODE DEFINITIONS AND BUS INTERFACE 


RESET 
OR MODE ■ 
CHANGE 


INTERNAL 
DATA IN 
INTERNAL 
DATA OUT ■ 
(LATCHED) 


£ 


°<H 




OUTPUT MODE 


EXTERNAL 
PORT B. C 
PIN 


FIGURE 2. PORT A, PORT C BUS-HOLD CONFIGURATION 


Operational Description 

Mode Selection 

There are three basic modes of operation than can be 
selected by the system software: 

Mode 0 - Basic Input/Output 
Mode 1 - Strobed Input/Output 
Mode 2 - Bi-directional Bus 

When the reset input goes “high”, all ports will be set to the 
input mode with ail 24 port lines held at a logic “one” level 
by internal bus hold devices. After the reset is removed, the 
82C55A can remain in the input mode with no additional 
initialization required. This eliminates the need to pullup or 
pulldown resistors in all-CMOS designs. The control word 
register will contain 9Bh. During the execution of the system 
program, any of the other modes may be selected using a 
single output instruction. This allows a single 82C55A to 
service a variety of peripheral devices with a simple soft¬ 
ware maintenance routine. Any port programmed as an out¬ 
put port is initialized to all zeros when the control word Is 
written. 


CONTROL WORD 



FIGURE 4. MODE DEFINITION FORMAT 
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The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, 
including the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be “tailored” to almost any I/O 
structure. For instance: Group B can be programmed in 
Mode 0 to monitor simple switch closings or display 
computational results. Group A could be programmed in 
Mode 1 to monitor a keyboard or tape reader on an inter¬ 
rupt-driven basis. 

The mode definitions and possible mode conbinations may 
seem confusing at first, but after a cursory review of the 
complete device operation a simple, logical I/O approach 
will surface. The design of the 82C55A has taken into 
account things such as efficient PC board layout, control 
signal definition vs. PC layout and complete functional flexi¬ 
bility to support almost any peripheral device with no exter¬ 
nal logic. Such design represents the maximum use of the 
available pins. 

Single Bit Set/Reset Feature (Figure 5) 

Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in control-based applications. 


signals, generated from port C, can be inhibited or enabled 
by setting or resetting the associated INTE flip-flop, using 
the bit set/reset function of port C. 

This function allows the programmer to enable or disable a 
CPU interrupt by a specific I/O device without affecting any 
other device in the interrupt structure. 

INTE Flip-Flop Definition: 

{BIT-SET)-INTE is SET - Interrupt Enable 
(BIT-RESET)-INTE Is RESET - Interrupt Disable 

NOTE: All Mask flip-flops are automatically reset during mode selection and 
device Reset. 

Operating Modes 

Mode 0 (Basic Input/Output). This functional configuration 
provides simple input and output operations for each of the 
three ports. No handshaking is required, data Is simply 
written to or read from a specific port. 

Mode 0 Basic Functional Definitions: 

• Two 8 bit ports and two 4 bit ports 

• Any Port can be input or output 

• Outputs are latched 

• Input are not latched 

• 16 different Input/Output configurations possible 












82C55A 
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1^1 ^0 


1 0 0 1 1 0 0 1 


D? ^6 Dg D4 D3 Dj D, Do 


10 0 110 11 




Operating Modes 

Mode 1 (Strobed Input/Output). This functional configura¬ 
tion provides a means for transferring I/O data to or from a 
specified port in conjunction with strobes or “hand shak¬ 
ing” signals. In mode 1, port A and port B use the lines on 
port C to generate or accept these “hand shaking” signals. 


Mode 1 Basic Functional Definitions: 

• Two Groups (Group A and Group B) 

• Each group contains one 8 bit port and one 4 bit control/ 
data port. 

• The 8 bit data port can be either Input or output. Both 
inputs and outputs are latched. 

• The 4 bit port is used for control and status of the 8 bit 
port. 
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Input Control Signal Definition 

(Figures 6 and 7) 

STB (Strobe Input) 

A “low” on this input loads data Into the input latch. 

IBF (Input Buffer Full F/F) 

A “high” on this output indicates that the data has been 
loaded into the inp ut la tch: in essence, an acknowledge¬ 
ment. IBF is set by STB input being low and is reset by the 
rising edge of the RD input. 

INTR (Interrupt Request) 

A “high” on this output can be used to interrupt the CPU 
when and inp ut de vice is requesting service. INTR is set by 
the condition: STB is a “one”, IBF is a “one” and INTE is a 
“one”. It Is reset by the falling edge of RD. This procedure 
allows an input device to request service from the CPU by 
simply strobing its data into the port. 

INTE A 

Controlled by bit set/reset of PC4. 

INTE B 

Controlled by bit set/reset of PC2. 


MODE 1 (PORT A) 



MODE 1 (PORT B) 



FIGURE 6. MODE 1 INPUT 


STBb 

IBFb 

INTRg 
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Output Control Signal Definition 
(Figures 8 and 9) 

OBF (Output Buffer Full F/F). The OBF output will go “low” 
to indicate that the CPU has written data out to the specified 
port. This does not m ean valid data is sent out of the part at 
this time since OBF can go true before da ta is available. 
Data is guara nteed valid at the rising edge of OBF. See Note 
1. The OBF F/F wi ll be set by the rising edge of the WR 
Input and reset by ACK input being low. 

ACK (Acknowledge Input). A “low” on this input informs the 
82C55A that the data from Port A or Port B is ready to be 
accepted. In essence, a response from the peripheral 
device indicating that is is rady to accept data. See Note 1. 

INTR (Interrupt Request). A “high” on this output can be 
used to interrupt the CPU when an output device has 
acce pted data transmitted by the CPU. INTR is set when 
ACK Is a “one”, OBF is a “ one” and INTE is a “one”. It is 
reset by the falling edge of WR. 


Controlled by Bit Set/Reset of PCS. 


Controlled by Bit Set/Reset of PC2. 

NOTE: 1. To strobe data into the peripheral device, the user must operate 
the st robe line in a hand shaking mode. Th e use r needs to send 
OBF to the peripheral device, generates an ACK from the periph¬ 
eral device an d then latch data into the peripheral device on the 
rising edge of OBF. 


MODE I (PORT A) 


CONTROL WORD 


1 = INPUT 
0 = OUTPUT 



MODE 1 (PORT B) 


CONTROL WORD 



FIGURE 8. MODE 1 OUTPUT 



FIGURE 9. MODE 1 (STROBED OUTPUT) 
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CONTROL WORD 

D? Pe P5 P4 D3 Pq 

I T 1 0 1 1 1 1 |i/o| 1 ! 0 M 


‘ 1 * INPUT 
0 ' OUTPUT 


PA 7 PA 0 

0=] 

PC, 

V* - 



PC, 



2 

PCs. 7 

' / 

PB 7 .PB 0 


PC, 


PCj 


PCo 



CONTROL WORD 
^7 ^8 ^5 ^3 

r.ToT.'!oi./oi,r,M 


► 1 • INPUT 
0 - OUTPUT 


PA^ PAp 8 

PC7 -► obF^ 

PC, -A^^ 

PC 3 -► INTR^ 


PC 2 -- 

PC, -► IBF- 


PORT A - (STROBED INPUT) 
PORT B - (STROBED OUTPUT) 


PORT A - (STROBED OUTPUT) 
PORT B - (STROBED INPUT) 


FIGURE 10. COMBINATIONS OF MODE 1 


Combinations of Mode 1: Port A and Port B can be individually 
defined as input or output in Mode 1 to support a wide variety of 
strobed I/O applications. 


Operating Modes 

Mode 2 (Strobed Bi-directional Bus I/O) 

The functional configuration provides a means for commu¬ 
nicating with a peripheral device or structure on a single 8 
bit bus for both transmitting and receiving data 
(bi-directional bus I/O). “Hand shaking” signals are provid¬ 
ed to maintain proper bus flow discipline similar to Mode 1. 
Interrupt generation and enable/disable functions are also 
available. 

Mode 2 Basic Functional Definitions: 

• Used in Group A only 

• One 8 bit, bi-directional bus Port (Port A) and a 5 bit 
control Port (Port C) 

• Both inputs and outputs are latched 

• The 5 bit control port (Port C) is used for control and 
status for the 8-bit, bi-directional bus port (Port A) 

Bi-directional Bus I/O Control Signal Definition 
(Figures 11, 12, 13, 14) 

INTR (Interrupt Request). A high on this output can be used 
to interrupt the CPU for both input or output operations. 


Output Operations 

OBF (Output Buffer Full). The OBF output will go “low” to 
indicate that the CPU has written data out to port A. 

ACK (Acknowledge). A “low” on this input enables the 
three-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be In the high impedance 
state. 

INTE 1 (The INTE flip-flop associated with OBF). Con¬ 
trolled by bit set/reset of PC4. 

input Operations 

STB (Strobe Input). A “low” on this input loads data into the 
input latch. 

IBF (Input Buffer Full F/F). A “high” on this output indicates 
that data has been loaded into the input latch. 

INTE 2 (The INTE flip-flop associated with IBF). Controlled 
by bit set/reset of PC4. 
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MODE DEFINITION SUMMARY 



MODEO 

MODE1 

MODE 2 


IN 

OUT 

IN 

OUT 

GROUPA ONLY 

PAO 

In 

Out 

In 

Out 

◄-► 

PA1 

In 

Out 

In 

Out 

◄-► 

PA2 

In 

Out 

In 

Out 

◄-► 

PA3 

In 

Out 

In 

Out 

◄-► 

PA4 

In 

Out 

In 

Out 

◄-► 

PA5 

In 

Out 

In 

Out 

◄-► 

PA6 

In 

Out 

In 

Out 

◄-► 

PA7 

In 

Out 

In 

Out 

◄-► 

PBO 

In 

Out 

In 

Out 


PB1 

In 

Out 

In 

Out 


PB2 

In 

Out 

In 

Out 


PB3 

In 

Out 

In 

Out 


PB4 

In 

Out 

In 

Out 


PBS 

In 

Out 

In 

Out 


PB6 

In 

Out 

In 

Out 


PB7 

In 

Out 

In 

Out 


PCO 

In 

Out 

INTRb 

INTRb 

I/O 

PCI 

In ' 

Out 

IBFb 

OBFb 

I/O 

PC2 

In 

Out 

STBb 

ACKb 

I/O 

PC3 

In 

Out 

INTRa 

INTRa 

INTRa 

PC4 

In 

Out 

STBa 

I/O 

STBa 

PCS 

In 

Out 

IBFa 

I/O 

IBFa 

PC6 

In 

Out 

I/O 

ACKa 

ACKa 

PC7 

In 

Out 

I/O 

OBFa 

OBFa 


ModeO 
Or Mode 1 
Only 


Special Mode Combination 
Considerations: 

There are several combinations of modes possible. For any 
combination, some or all of Port C lines are used for control 
or status. The remaining bits are either inputs or outputs as 
defined by a “Set Mode” command. 

During a re ad o f Po rt C, the state of all the Port C lines, 
except the ACK an d ST B lin es, w ill be placed on the data 
bus. In place of the ACK and STB line states, flag status will 
appear on the data bus in the PC2, PC4, and PC6 bit posi¬ 
tions as illustrated by Figure 17. 

Through a “Write Port C” command, only the Port C pins 
programmed as outputs in a Mode 0 group can be written. 
No other pins can be affected by a “Write Port C” com¬ 
mand, nor can the interrupt enable flags be accessed. To 
write to any Port C output programmed as an output in a 
Mode 1 group or to change an interrupt enable flag, the 
“Set/Reset Port C Bit” command must be used. 

With a “Set/Reset Port C Bit” command, an y Por t C line 
programmed as an output (including IBF and OBF) can be 
written, or an interrupt enable flag can be eith er set or r eset. 
Port C lines programmed as inputs, including ACK and STB 
lines, associated with Port C fare not affectged by a “Set/ 
Reset Port C Bit” comma nd. W ritin g to the corresponding 
Port C bit positions of the ACK and STB lines with the “Set/ 
Reset Port C Bit” command will affect the Group A and 
Group B Interrupt enable flags, as illustrated in Figure 17. 




INPUT CONFIGURATION 



D7 

D6 

D5 

D4 
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D2 

D1 
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_ ) i_ 


-J 


-Y- 

GROUPA 


- r- 

GROUPS 




OUTPUT CONFIGURATION 



D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

OBFa 
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I/O 

I/O 

INTRa 

INTEb 

OBFb 

INTRb 





_ ) 

V_ 


_; 
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FIGURE 15. MODE 1 STATUS WORD FORMAT 
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D6 
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GROUPA GROUPS 

(DEFINED SY MODE 0 OR MODE 1 SELECTION) 
FIGURE 16. MODE 2 STATUS WORD FORMAT 
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Current Drive Capability: 

Any output on Port A, B or C can sink or source 2.5mA. This 
feature allows the 82C55A to directly drive Darlington type 
drivers and high-voltage displays that require such sink or 
source current. 

Reading Port C Status (Figures 15 and 16) 

In Mode 0, Port C transfers data to or from the peripheral 
device. When the 82C55A is programmed to function in 
Modes 1 or 2, Port C generates or accepts “hand shaking” 
signals with the peripheral device. Reading the contents of 
Port C allows the programmer to test or verify the “status” of 
each peripheral device and change the program flow 
accordingly. 

There Is no special instruction to read the status information 
from Port C. A normal read operation of Port C is executed 
to perform this function. 


ALTERNATE PORT C 
PIN SIGNAL (MODE) 

ACKq (Output Mode 1) 
or STB0 (Input Mode 1) 

STBa (Input Mode 1 
or Mode 2) 

ACKa (Output Mode 1 
or Mode 2) 


FIGURE 17. INTERRUPT ENABLE FLAGS IN MODES 1 AND 2 


INTERRUPT 


ENABLE FLAG* 

POSITION 

INTEB 

PC2 

INTEA2 

PC4 

INTEA1 

PC6 


Applications of the 82C55A 

The 82C55A is a very powerful tool for interfacing peripher¬ 
al equipment to the microcomputer system. It represents 
the optimum use of available pins and is flexible enough to 
interface almost any I/O device without the need for addi¬ 
tional external logic. 

Each peripheral device in a microcomputer system usually 
has a “service routine” associated with it. The routine man¬ 
ages the software interface between the device and the 
CPU. The functional definition of the 82C55A is 
programmed by the I/O service routine and becomes an 
extension of the system software. By examining the I/O 
devices interface characteristics for both data transfer and 
timing, and matching this information to the examples and 
tables In the detailed operational description, a control word 
can easily be developed to Initialize the 82C55A to exactly 
“fit” the application. Figures 18 through 24 present a few 
examples of typical applications of the 82C55A. 



CONTROL LOGIC AND DRIVERS 


FIGURE 18. PRINTER INTERFACE 
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FIGURE 19. KEYBOARD AND DISPLAY 
INTERFACE 


FIGURE 20. KEYBOARD AND 

TERMINAL ADDRESS 
INTERFACE 


FIGURE 21. DIGITAL TO ANALOG, 
ANALOG TO DIGITAL 



FIGURE 22. BASIC CRT CONTROLLER FIGURE 23. BASIC FLOPPY DISC FIGURE 24. MACHINE TOOL 

INTERFACE INTERFACE CONTROLLER 

INTERFACE 
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Specifications 82C55A 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+8.0V Thermal Resistance 


Input, Output or I/O Voltage. GND-0.5V to Vcc+0.5V 

Storage Temperature Range. -65°C to +150°C 


Ceramic DIP Package. 40°C/W 

Ceramic LCC Package. 70°C/W 


Junction Temperature.+175°C Maximum Package Power Dissipation at +125°C 


Lead Temperature (Soldering 10s).+300°C 

ESD Classification.Class 1 


Ceramic DIP Package.1.23W 

Ceramic LCC Package.718mW 

Gate Count.1000 Gates 


CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.... 


+4.5V to +5.5V Operating Temperature Range 

C82C55A.0°Cto+70°C 

I82C55A.-40°Cto+85°C 

M82C55A.-55°C to +125°C 


DC Electrical Specifications Vcc = 5.0V ±i 0%; T^ = 0°C to +70°C (C82C55A); 

Ta = -40°C to +85°C (I82C55A); 
Ta = -55°C to +125°C (M82C55A) 


PARAMETER 


Logical One Input Voltage 


Logical Zero Input Voltage 


Logical One Output Voltage 


Logical Zero Output Voltage 


Input Leakage Current 


I/O Pin Leakage Current 


Bus Hold High Current 


Bus Hold Low Current 


Darlington Drive Current 


ICCSB Standby Power Supply Current 


ICCOP Operating Power Supply Current 



TEST CONDITIONS 



V|N = VccorGND. 

DIP Pins: 5, 6, 8, 9,35,36 


Vo = Vcc or GND dip Pins: 27 - 34 


Vo = 3.0V. Ports A, B, C 


Vo = 1.0V. Port A ONLY 


Ports A, B, C. Test Condition 3 


Vcc = 5.5V, V|N = Vcc or GND. Output Open 


Ta = +25°C, Vcc = 5.0V, Typical (See Note2) 


1. No internal current limiting exists on Port Outputs. A resistor must 2. ICCOP = 1 mA/MHz of Peripheral Read/Write cycle time, 

be added externally to limit the current. (Example: 1 .Ops I/O Read/Write cycle time = 1 mA) 


Capacitance Ta = 25°C 


SYMBOL 

PARAMETER 

TYPICAL 

UNITS 

C|N 

Input Capacitance 

10 

PF 

C|/o 

I/O Capacitance 

20 

PF 


TEST CONDITIONS 


FREQ = 1 MHz, All Measurements are 
referenced to device GND 
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Specifications 82C55A 


AC Electrical Specifications V'cc = +5V± 10%, GND = OV; = -55®c to +125^C (M82C55A) (M82C55A-5); 

Ta = -40°C to +85°C (I82C55A) (182C55A-5); 


Ta = 0°C to +70°C (C82C55A) (C82C55A-5) 


(22) tAOB 


(23) tSIB 


(24) tRIB 


(25) tRIT 


(26) tSIT 


(27) tAIT 


(28) tWIT 


(29) tRES 


TEST 

CONDITIONS 



Reset Pulse Width 


1, (Note 1) 


1. Period of initial Reset pulse after power-on must be at least SOpsec. Subsequent Reset pulses may be 500ns minimum. 
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Timing Waveforms 

MODE 0 (BASIC INPUT) 


RD 

INPUT 

CS.AI.AO 

D7-D0 - 


MODE 0 (BASIC OUTPUT) 

WR 

D7-O0 

CS,A1,A0 

OUTPUT 

MODE 1 (STROBED INPUT) 


IBF 

INTR 

RD 

INPUT FROM 
PERIPHERAL 













Timing Waveforms (Continued) 

MODE 1 (STROBED OUTPUT) 


( 21 ) 

tWOB 
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AC Test Circuit 


AC Testing Input, Output Waveforms 

VI 

FROM OUTPUT Q 1 

• o 

INPUT OUTPUT 

VIH + 0.4V VOH 

_x^" 

VIL - 0.4V VOL 

UNDER TEST T 

> R2 

T POINT 

Cl* 


5 

AC Testing All parameters tested as per test circuits. Input rise and fall 
times are driven at 1 ns/V 

* Includes Stray and Jig Capacitance 



TEST CONDITION DEFINITION TABLE 
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SEMICONDUCTOR 


82C59A 


REFERENCE APR NOTE 109 

February 1992 


Features 

• 12.5MHz, 8MHz and 5MHz Versions Available 

- 12.5MHz Operation.82C59A-12 

- 8MHz Operation.82C59A 

- 5MHz Operation.82C59A-5 

• High Speed, “No Wait-State” Operation with 12.5MHz 
80C286 and 8MHz 80C86/88 

• Pin Compatible with NMOS 8259A 

• 80C86/88/286 and 808(V85/86/88/286 Compatible 

• Eight-Level Priority Controller, Expandable to 
64 Levels 

• Programmable Interrupt Modes 

• Individual Request Mask Capability 

• Fully Static Design 

• Fully TTL Compatible 

• Low Power Operation 

- ICCSB.20|xA Maximum 

- ICCOP.1 mA/MHz Maximum 

• Single 5V Power Supply 

• Operating Temperature Ranges 

- C82C59A.0®Cto+70®C 

- I82C59A.-40®Cto+85®C 

- M82C59A.-55®Cto+125®C 


CMOS Priority Interrupt Controller 


Description 

The Harris 82C59A is a high performance CMOS Priority 
Interrupt Controller manufactured using an advanced 2 
micron CMOS process. The 82C59A is designed to relieve 
the system CPU from the task of polling in a multi-level 
priority system. The high speed and industry standard 
configuration of the 82C59A make it compatible with micro¬ 
processors such as 80C286, 80286, 80C86/88, 8086/88, 
8080/85 and NSC800. 

The 82C59A can handle up to eight vectored priority inter¬ 
rupting sources and is cascadabie to 64 without additional 
circuitry. Individual interrupting sources can be masked or 
prioritized to allow custom system configuration. Two modes 
of operation make the 82C59A compatible with both 8080/85 
and 80C86/88/286 formats. 

Static CMOS circuit design insures low operating power. The 
Harris advanced CMOS process results in performance 
equal to or greater than existing equivalent products at a 
fraction of the power. 



Ordering information 


PACKAGE 


Plastic DIP 



TEMPERATURE 

RANGE 

5MHz 

8MHz 

0°C to +70°C 

CP82C59A-5 

CP82C59A 

-40°C to +85°C 

IP82C59A-5 

IP82C59A 

0°C to +70°C 

CS82C59A-5 

CS82C59A 

-40°C to +85°C 

IS82C59A-5 

IS82C59A 

(fC to +70°C 

CD82C59A-5 

CD82C59A 

-40®C to +85°C 

ID82C59A-5 

ID82C59A 

-55°C to +125°C 

MD82C59A-5/B 

MD82C59A/B 


5962-8501601YA 

5962-8501602YA 

-55°C to +125°C 

MR82C59A-5/B 

MR82C59Am 


5962-85016013A 

5962-85016023A 


12.5MHz 


CP82C59A-12 


IP82C59A-12 


CS82C59A.12 


IS82C69A-12 


CD82C59A-12 


ID82C59A-12 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 . ^07 


File Number 2784.1 
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Pinouts 


CAS 0 112 
CAS1 El 
gndRi 


28 LEAD DIP 

TOP VIEW 


28jVCC 

g]A0 

^iR6 

^IR5 

^IR4 

Ml'^3 

^IR2 

lilRI 

iHlRO 

ill‘NT 

li]sP/EN 

j5|cAS2 


06 

J5J 

05 

a] 

04 

7] 

03 

7] 

02 

7] 

01 

Ip] 

00 

111 


28 LEAD PLCC AND LCC 
TOP VIEW 

o K 
IS O o 1^ 

o ioc 1$ lo > < |z 

Lf J L3J L2J 11 I L28J L^Jj .26j N 

•25j|R7 


|z 1= O 

lui Z £ 


DESCRIPTION 


D7-D0 

Data Bus (Bi-Directional) 

RD 

Read Input 

WR 

Write Input 

AO 

Command Select Address 


Chip Select 

CAS 2 - CAS 0 

Cascade Lines 

^/EN 

Slave Program Input Enable 

INT 

Interrupt Output 


Interrupt Acknowledge Input 

IRO - IR7 

Interrupt Request Inputs 
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Pin Description 



PIN 

NUMBER 

TYPE 

DESCRIPTION 

vcc 

28 

' 

VCC: The +5V power supply pin. A 0.1 pF capacitor between pins 28 and 14 is recommended for 
decoupling. 


14 

1 

GROUND 

cs 

1 

' 

CHIP SELECT: A low on this pin enables RD and WR communications between the CPU and the 
82C59A. INTA functions are independent of CS. 


2 

■1 

WRITE: A low on this pin when CS is low enables the 82C59A to accept command words from 
the CPU. 


3 

■ 

READ: A low on this pin when CS is low enables the 82C59A to release status onto the data bus 
for the CPU. 

D7-D0 

4-11 

I/O 

BI-DIRECTIONAL DATA BUS: Control, status, and interrupt-vector information is transferred via 
this bus. 

CASO- 

CAS2 

12,13,15 

I/O 

CASCADE LINES: The CAS lines form a private 82C59A bus to control a multiple 82C59A 
structure. These pins are outputs for a master 82C59A and inputs for a slave 82C59A. 

SP/^ 

16 

I/O 

SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin. When in the Buffered Mode It 
can be used as an output to control buffer transceivers (EN). When not in the buffered mode it is 
used as an input to designate a master (SP = 1) or slave (SP = 0). 

INT 

17 

0 

INTERRUPT: This pm goes high whenever a valid interrupt request is asserted. It is used to 
interrupt the CPU, thus it is connected to the CPU’s interrupt pin. 

IRO-IR7 

18-25 

■ 

INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request is executed by raising an IR 
input (low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a 
high level on an IR input (Level Triggered Mode). Internal pull-up resistors are implemented on 
IRQ - 7. 

iNTA 

26 

■ 

INTERRUPT ACKNOWLEDGE: This pin is used to enable 82C59A interrupt-vector data onto the 
data bus by a sequence of interrupt acknowledge pulses issued by the CPU. 

AO 

27 


ADDRESS LINE: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 
82C59A to decipher various Command Words the CPU writes and status the CPU wishes to read. 

It is typically connected to the CPU AO address line (A1 for 80C86/88/286). 


Functional Description 

Interrupts in Microcomputer Systems 

Microcomputer system design requires that I/O devices such 
as keyboards, displays, sensors and other components 
receive servicing in an efficient manner so that large 
amounts of the total system tasks can be assumed by the 
microcomputer with little or no effect on throughput. 

The most common method of servicing such devices is the 
Polled approach. This is where the processor must test 
each device in sequence and in effect “ask” each one if it 
needs servicing. It is easy to see that a large portion of the 
main program is looping through this continuous polling 
cycle and that such a method would have a serious, 
detrimental effect on system throughput, thus limiting the 
tasks that could be assumed by the microcomputer and 
reducing the cost effectiveness of using such devices. 

A more desirable method would be one that would allow the 
microprocessor to be executing its main program and only 
stop to service peripheral devices when it is told to do so 
by the device itself. In effect, the method would provide 
an external asynchronous input that would inform the 
processor that it should complete whatever instruction that 
is currently being executed and fetch a new routine that 
will service the requesting device. Once this servicing is 
complete, however, the processor would resume exactly 
where it left off. 



POLLED METHOD 
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This is the /nferrivpf-driven method. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 



INTERRUPT METHOD 

The Programmable Interrupt Controller (PIC) functions as 
an overall manager in an Interrupt-Driven system. It accepts 
requests from the peripheral equipment, determines which 
of the incoming requests is of the highest importance (prior¬ 
ity), ascertains whether the incoming request has a higher 
priority value than the level currently being serviced, and 
issues an interrupt to the CPU based on this determination. 


Each peripheral device or structure usually has a special 
program or “routine” that is associated with its specific 
functional or operational requirements; this is referred to as 
a “service routine”. The PIC, after issuing an interrupt to the 
CPU, must somehow input information into the CPU that 
can “point” the Program Counter to the service routine 
associated with the requesting device. This “pointer” is an 
address in a vectoring table and will often be referred to, in 
this document, as vectoring data. 

82C59A Functional Description 

The 82C59A is a device specifically designed for use in real 
time, interrupt driven microcomputer systems. It manages 
eight levels of requests and has built-in features for 
expandability to other 82C59As (up to 64 levels). It is 
programmed by system software as an I/O peripheral. A 
selection of priority modes is available to the programmer 
so that the manner in which the requests are processed by 
the 82C59A can be configured to match system require¬ 
ments. The priority modes can be changed or reconfigured 
dynamically at any time during main program operation. 
This means that the complete interrupt structure can be 
defined as required, based on the total system environment. 

Interrupt Request Register (IRR) and 
In-Service Register (ISR) 

The interrupts at the IR input lines are handled by two regi¬ 
sters in cascade, the Interrupt Request Register (IRR) and 
the In-Service Register (ISR). The IRR is used to indicate all 
the interrupt levels which are requesting service, and the 
ISR is used to store all the interrupt levels which are current¬ 
ly being serviced. 

Priority Resolver 

This logic block determines the priorities of the bits set in 
the IRR. The highest priority is selected a nd st robed into the 
corresponding bit of the ISR during the INTA sequence. 


INTA INT 



SP/EN < - INTERNAL BUS 


82C59A FUNCTIONAL DIAGRAM 
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Interrupt Mask Register (IMR) 

The IMR stores the bits which disable the interrupt lines to 
be masked. The IMR operates on the output of the IRR. 
Masking of a higher priority input will not affect the interrupt 
request lines of lower priority. 

Interrupt (INT) 

This output goes directly to the CPU interrupt input. The 
VOH level on this line is designed to be fully compatible with 
the 8080, 8085, 8086/88, 80C86/88, 80286, and 80C286 
input levels. 

Interrupt Acknowledge (INTA) 

INTA pulses will cause the 82C59A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (pPM) of the 82C59A. 

Data Bus Buffer 

This 3-state, bi-directional 8-bit buffer is used to interface the 
82C59A to the system Data Bus. Control words and status 
information are transferred through the Data Bus Buffer. 

Read/Write Control Logic 

The function of this block is to accept output commands 
from the CPU. It contains the Initialization Command Word 
(ICW) registers and Operation Command Word (OCW) 
registers which store the various control formats for device 
operation. This function block also allows the status of the 
82C59A to be transferred onto the Data Bus. 

Chip Select (CS) 

A LOW on this input enables the 82C59A. No reading or 
writing of the device will occur unless the device is selected. 

Write (WR) 

A LOW on this input enables the CPU to write control words 
(ICWs and OCWs) to the 82C59A. 


Read (RD) 

A LOW on this input enables the 82C59A to send the status 
of the Interrupt Request Register (IRR), In-Service Register 
(ISR), the Interrupt Mask Register (IMR), or the interrupt 
level (in the poll mode) onto the Data Bus. 

AO 

This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as to read the various status registers of 
the chip. This line can be tied directly to one of the system 
address lines. 

The Cascade Buffer/Comparator 

This function block stores and compares the IDs of all 
82C59AS used in the system. The associated three I/O pins 
(CASO - 2) are outputs when the 82C59A is used as a 
master and are inputs when the 82C59A is used as a slave. 
As a master, the 82C59A sends the ID of the interrupting 
slave device onto the CASO - 2 lines. The slave thus 
selected will send its preprogrammed subroutine address 
onto the Data Bus during the next one or two consecutive 
INTA pulses. (See section “Cascading the 82C59A”.) 

Interrupt Sequence 

The powerful features of the 82C59A in a microcomputer 
system are its programmability and the interrupt routine ad¬ 
dressing capability. The latter allows direct or indirect jump¬ 
ing to the specified interrupt routine requested without any 
polling of the interrupting devices. The normal sequence of 
events during an interrupt depends on the type of CPU be¬ 
ing used. 

These events occur in an 8080/8085 system: 

1. One or more of the INTERRUPT REQUEST lines (IRO - 
IR7) are raised high, setting the corresponding IRR bit(s). 


ADDRESS BUS (16) 


CASCADE 

LINES 


CONTROL BUS 












I/OR 

l/OW 

INT 

INTA 


DATA BUS (8) 


□ 


□ 

□ 

□ 


CS Ao 


CAS 0 
CAS 1 
CAS 2 

SP/EN 


Dy -Do 
82C59A 


RD WR INT INTA 


IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ 

7 6 5 4 3 2 1 0 


t t t t t r rr 


SLAVE PROGRAM/ 
ENABLE BUFFER 


INTERRUPT 

REQUESTS 


82C59A STANDARD SYSTEM BUS INTERFACE 
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2. The 82C59A evaluates these requests in the priority 
resolver and sends an interrupt (INT) to the CPU, if 
appropriate. 

3. The C PU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the highest 
priority ISR bit is set, and the corresponding IRR bit is re¬ 
set. The 82C59A will also release a CALL instruction code 
(11001101) onto the 8-bit data bus through DO - D7. 

5. This CALL instruction will initiate two additional INTA 
pulses to be sent to 82C59A from the CPU group. 

6. These two INTA pulses allow the 82C59A to release its 
preprogrammed subroutine address onto the data bus. 
The lower 8-bit address is released at the first INTA 
pulse a nd th e higher 8-bit address is released at the 
second INTA pulse. 

7. This completes the 3-byte CALL Instruction released by 
the 82C59A. In the AEO I mode, the ISR bit is reset at the 
end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOl command Is issued 
at the end of the interrupt sequence. 

The events occurring in an 80C86/88/286 system are the 

same until step 4. 

4. The 8 2C59A does not drive the data bus during the first 
INTA pulse. 


CONTENT OF SECOND INTERRUPT VECTOR BYTE 


IR Interval = 4 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

7 

A7 

A6 

A5 

1 

1 

1 

0 

0 

6 

A7 

A6 

A5 

1 

1 

0 

0 

0 

5 

A7 

A6 

A5 

1 

0 

1 

0 

0 

4 

A7 

A6 

A5 

1 

0 

0 

0 

0 

3 

A7 

A6 

A5 

0 

1 

1 

0 

0 

2 

A7 

A6 

A5 

0 

1 

0 

0 

0 

1 

A7 

A6 

A5 

0 

0 

1 

0 

0 

0 

A7 

A6 

A5 

0 

0 

0 

0 

0 


IR Interval = 8 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

7 

A7 

A6 

1 

1 

1 

0 

0 

0 

6 

A7 

A6 

1 

1 

0 

0 

0 

0 

5 

A7 

A6 

1 

0 

1 

0 

0 

0 

4 

A7 

A6 

1 

0 

0 

0 

0 

0 

3 

A7 

A6 

0 

1 

1 

0 

0 

0 

2 

A7 

A6 

0 

1 

0 

0 

0 

0 

1 

A7 

A6 

0 

0 

1 

0 

0 

0 

0 

A7 

A6 

0 

0 

0 

0 

0 

0 


During the third INTA pulse, the higher address of the appro¬ 
priate service routine, which was programmed as byte 2 of the 
Initialization sequence (A8 - A15), is enabled onto the bus. 


5. The 80C86/88/2 86 C PU will initiate a second INTA 
pulse. During this INTA pulse, the appropriate ISR bit is 
set and the corresponding bit In the IRR Is reset. The 
82C59A outputs the 8-bit pointer onto the data bus to be 
read by the CPU. 

6. This completes the interrupt cycle. In t he AE OI mode, the 
ISR bit is reset at the end of the second INTA pulse. Other¬ 
wise, the ISR bit remains set until an appropriate EOl 
command is issued at the end of the interrupt subroutine. 

If no interrupt request is present at step 4 of either sequence 
(i.e. the request was too short in duration), the 82C59A will 
issue an Interrupt level 7. If a slave is programmed on IR bit 7, 
the CAS lines remain inactive and vector addresses are 
output from the master 82C59A. 

Interrupt Sequence Outputs 

8080, 8085 Interrupt Response Mode 

This sequence is timed by three INTA pulses. During the first 
INTA pulse, the CALL opcode is enabled onto the data bus. 


First Interrupt Vector Byte Data: Hex CD 


■mil 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Call Code 

1 

1 

0 

0 

1 

1 

0 

1 


During the second INTA pulse, the lower address of the ap¬ 
propriate service routine is enabled onto the data bus. When 
interval = 4 bits, A5 - A7 are programmed, while AO - A4 are 
automatically inserted by the 82C59A. When interval = 8, 
only A6 and A7 are programmed, while AO - A5 are automati¬ 
cally inserted. 


CONTENT OF THIRD INTERRUPT VECTOR BYTE 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

A15 

A14 

A13 

A12 

A11 

A10 

A9 

A8 


80C86, 80C88, 80C286 Interrupt Response Mode 


80C86/88/286 mode is similar to 8080/85 mode except that 
only two Interrupt Acknowledge cycles are issued by the 
processor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 8080/85 
systems in that the 82C59A uses it to internally freeze the 
state of the interrupts for priority resolution and, as a master, it 
issues the interrupt code on the cascade lines. On this first 
cycle, it does not issue any data to the processor and leaves 
its data bus buffers disabled. On the second interrupt 
acknowledge cycle in the 86/88/286 mode, the master (or 
slave if so programmed) will send a byte of data to the pro¬ 
cessor with the acknowledged Interrupt code composed as 
follows (note the state of the ADI mode control is ignored and 
A5 - A11 are unused in the 86/88/286 mode). 


CONTENT OF INTERRUPT VECTOR BYTE FOR 
80C86/88/286 SYSTEM MODE 



m 



Qj 


IQI 

m 


IR7 

■a 

■a 

la 

■a 

■a 

1 

1 

1 

IR6 

■a 

■a 

■a 

■a 

■a 

1 

1 

0 

IRS 

■a 

■a 

■a 

■a 

■a 

1 

KB 

1 

IR4 

■a 

■a 

■a 

■a 

■a 

1 

0 

0 

IR3 

■a 

■a 

■a 

■a 

■a 

0 

1 

1 

IR2 

■a 

■a 

■a 

■a 

■a 

■■ 

1 

KB 

IR1 

■a 

■a 

■a 

■a 

■a 

0 

0 

1 

IRO 

BBl 

■a 

■a 

■a 

■a 

KB 

0 

0 
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Programming the 82C59A 

The 82C59A accepts two types of command words 
generated by the CPU; 

1. Initialization Command Words (ICWs): Before normal 
operation can begin, each 82C59A in the system must 
be brought to a^tarting point - by a sequence of 2 to 4 
bytes timed by WR pulses. 

2. Operation Command Words (OCWs): These are the 
command words which command the 82C59A to operate 
in various interrupt modes. Among these modes are: 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 82C59A anytime after 
initialization. 

Initialization Command Words (ICWs) 


Whenever a command is issued with AO = 0 and D4 = 1, 
this is interpreted as Initialization Command Word 1 (ICW1). 
ICW1 starts the initialization sequence during which the 
following automatically occur. 

a. The edge sense circuit is reset, which means that follow¬ 
ing initialization, an interrupt request (IR) input must 
make a low-to-high transition to generate an interrupt. 

b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. Special Mask Mode is cleared and Status Read is set to 
IRR. 

e. If IC4 = 0, then all functions selected in ICW4 are set 
to zero. (Non-Buffered mode*, no Auto-EOI, 8080/85 
system). 

‘NOTE: Master/Siave in ICW4 is only used in the buffered mode. 

Initialization Command Words 1 and 2 (ICW1, ICW2) 

A5 - A15: Page starting address of service routines. In an 
8080/85 system, the 8 request levels will generate CALLS 
to 8 locations equally spaced in memory. These can be 
programmed to be spaced at intervals of 4 or 8 memory 
locations, thus the 8 routines will occupy a page of 32 or 64 
bytes, respectively. 

The address format is 2 bytes long (AO - A15). When the 
routine interval is 4, AO - A4 are automatically inserted by 
the 82C59A, while A5 - A15 are programmed externally. 
When the routine interval is 8, AO - A5 are automatically 
inserted by the 82C59A while A6 - A15 are programmed 
externally. 

The 8-byte interval will maintain compatibility with current 
software, while the 4-byte interval is best for a compact 
jump table. 

In an 80C86/88/286 system, A15 - A11 are inserted in the 
five most significant bits of the vectoring byte and the 
82C59A sets the three least significant bits according to 
the interrupt level. A10 - A5 are ignored and ADI (Address 
interval) has no effect. 


If LTIM = 1, then the 82C59A will operate in the 
level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 


ALL address interval. ADI 
ADI = 0 then interval = 8. 


1 then interval = 4; 


SNGL: Single. Means that this is the only 82C59A In the 
system. If SNGL = 1, no ICWS will be issued. 

IC4: If this bit is set - ICW4 has to be issued. If ICW4 is 

not needed, set IC4 = 0. 


[SNGL « 0) 



READY TO ACCEPT 
INTERRUPT REQUESTS 


82C59A INITIALIZATION SEQUENCE 

Initialization Command Word 3 (ICWS) 

This word is read only when there is more than one 82C59A 
in the system and cascading is used, in which case SNGL = 
0. It will load the 8-bit slave register. The functions of this 
register are: 

a. In the master mode (either when SP = 1, or in buffered 
mode when M/S = 1 in ICW4) a “1 ” is set for each slave 
in the bit corresponding to the appropriate IR line for the 
slave. The master then will release byte 1 of the call se¬ 
quence (for 8080/85 system) and will enable the corre¬ 
sponding slave to release bytes 2 and 3 (for 80C86/88/ 
286, only byte 2) through the cascade lines. 

b. In the slave mode (either when SP = 0, or if BUF = 1 and 
M/S = 0 in ICW4), bits 2-0 identify the slave. The slave 
compares its cascade input with these bits and if they 
are equal, bytes 2 and 3 of the call sequence (or just byte 
2 for 80C86/88/286) are released by it on the Data Bus 
(Note: the slave address must correspond to the IR line it 
is connected to in the master ID). 
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ICW 1 


Ao 

D7 

De 

— 

D5 

D4 

D3 

D2 

D1 

Do 

0 

A7 

Ae 

As 

1 

LTIM 

ADI 

SNGL 

IC4 


ICW 3 (MASTER DEVICE) 


D7 

De I 

Ds 

D4 

D3 

D2 

D1 

Do 

S7 

S6 

Ss 

S4 

S3 

S2 

Si 

So 


-1 = ICW4 needed 
0 = No ICW4 needed 

-1 = Single 
0 = Cascade Mode 

■^CALL address interval 
1 = Interval of 4 
0 = Interval of 8 

► 1 = Level triggered mode 
0 = Edge triggered mode 

■^Ay-As of Interrupt vector address 
(MCS-80/85 mode only) 


Ao 

D7 

De 

Ds 

D4 

D3 

D2 

Dl 

Do 

1 

Ais/^ 

< \ 


Ai2^ 

/ T4 

All/ 
/ ^3 

A10 

Ag 

As 


- A-| 5 -A 8 of interrupt vector address 
{MCS80/85 mode) 

T 7 -T 3 of interrupt vector address 
(8086/8088 mode) 


-1 = IR input has a slave 
0 = IR input does not have a slave 


ICW 3 (SLAVE DEVICE) 


Ao 

D7 

De 

Ds 

D4 

D3 

D2 

D1 

Do 

1 

0 

0 

0 

0 

0 

ID2 

ID1 

IDo 


SLAVE ID( 1 ) 
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Initialization Command Word 4 (ICW4) 

SFNM: If SFNM = 1, the special fully nested mode is 
programmed. 

BUF: If BUF = 1, the buffered mode is programmed. In 

buffered mode, SP/EN becomes an enable output 
and the master/slave determination is by M/S. 

M/S: If buffered mode is selected: M/S = 1 means the 

82C59A is programmed to be a master, M/S = 0 
means the 82C59A is programmed to be a slave. If 
BUF = 0, M/S has no function. 

AEOI: If AEOI = 1, the automatic end of interrupt mode is 
programmed. 

|jPM: Microprocessor mode: |aPM = 0 sets the 82C59A 

for 8080/85 system operation, pPM = 1 sets the 
82C59A for 80C86/88/286 system operation. 


Operation Command Words (OCWs) 

After the Initialization Command Words (ICWs) are 
programmed into the 82C59A, the device is ready to accept 
interrupt requests at its input lines. However, during the 
82C59A operation a selection of algorithms can command 
the 82C59A to operate in various modes through the 
Operation Command Words (OCWs). 


OPERATION CONTROL WORDS (OCWs) 


m 

EB 

D 6 

D5 

Eg 

HQI 


EB 

EB 

OCW1 1 


IQQI 

M 6 

M5 

lEEIBEEl 

1^1 


IS3 

OCW2 1 


R 

SL 1 EOl 

0 

0 

la 

BE 

m 

OCWS 1 

L2_ 

0 

ESSM 

SMM 

0 

1 


1^1 

E3 


OCW1 


Aq 

D7 

De 

DS 

D 4 

D3 

D2 

D1 

Do 

1 

M 7 

Me 

Ms 

M 4 

M 3 

M 2 

M-i 

Mo 


0CW2 


Interrupt Mask 
1 = Mask set 
0 = Mask reset 


Ao 

D7 

De 

Ds 

D 4 

D3 

D 2 

Dl 

Do 

0 

R 

SL 

EOl 

0 

0 

L2 

Li 

LO 


IR LEVEL TO BE 
ACTED UPON 


a 

a 

D 

□ 

a 

D 

D 

□ 

D 

a 

a 

□ 

a 

□ 

□ 

D 

D 

n 

n 

D 

□ 

m 

n 

□ 


0 

1 

2 

3 

4 

5 

6 

7 

0 

1 

0 

1 

0 

1 

0 

1 

0 

0” 

1 

T 

0 

T 

1 

1 

o_ 

0 _ 

0 

0" 

1 


T 

T 


Non-specific EOl command 

* Specific EOl command 

Rotate on non-specific EOl command 
Rotate in automatic EOl mode (set) 
Rotate in automatic EOl mode (clear) 

* Rotate on specific EOl command 

* Set priority command 
No operation 


End of interrupt 


J 

} 


Automatic rotation 


Specific rotation 


^ Lq - L 2 are used 


OCWS 


Ao 

D 7 

De 

Ds 

D 4 

D 3 

D2 

Dl 

Do 

0 

0 

ESMM 

SMM 

0 

1 

P 

RR 

R1S 


READ REGISTER COMMAND 


0 

1 

0 

1 

0 

0 

1 

1 

No Action 

Read IR reg on 
next RD pulse 

Read IS reg on 
next RD pulse 


= Poll command 
0 = No poll command 

SPECIAL MASK MODE 


0 

1 

0 

1 

0 

0 

1 

1 

No Action 

Reset special 
mask 

Set special 
mask 


82C59A OPERATION COMMAND WORD FORMAT 
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Operation Control Word 1 (OCW1) 

OCW1 sets and clears the mask bits In the Interrupt Mask 
Register (IMR). M7 - MO represent the eight mask bits. M = 1 
indicates the channel is masked (inhibited), M = 0 Indicates 
the channel is enabled. 

Operation Control Word 2 (OCW2) 

R, SL, EOl - These three bits control the Rotate and End of 
Interrupt modes and combinations of the two. A chart of these 
combinations can be found on the Operation Command 
Word Format. 

L2, LI, LO - These bits determine the interrupt level acted 
upon when the SL bit is active. 

Operation Control Word 3 {OCW3) 

ESMM - Enable Special Mask Mode. When this bit is set to 
1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM = 0, the SMM bit becomes a 
“don’t care’’. 

SMM - Special Mask Mode. If ESMM = 1 and SMM = 1, the 
82C59A will enter Special Mask Mode. If ESMM = 1 and 
SMM = 0, the 82C59A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 

Fully Nested Mode 

This mode is entered after initialization unless another mode 
is programmed. The interrupt requests are ordered in priority 
from 0 through 7 (0 highest). When an interrupt is acknow¬ 
ledged the highest priority request is determined and its 
vector placed on the bus. Additionally, a bit of the Interrupt 
Service register (ISO - 7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOl) command 
immediately before returning from the service routine, or if the 
AEOI (Automatic End o f Interrupt) bit is set, until the trailing 
edge of the last INTA. While the IS bit is set, all further 
interrupts of the same or lower priority are inhibited, while 
higher levels will generate an Interrupt (which will be acknow¬ 
ledged only if the microprocessor internal interrupt enable 
flip-flop has been re-enabled through software). 

After the initialization sequence, IRO has the highest priority 
and IR7 the lowest. Priorities can be changed, as will be 
explained in the rotating priority mode or via the set priority 
command. 

End of Interrupt (EOl) 

The In-Service (IS) bit can be reset either a utoma tically 
following the trailing edge of the last in sequence INTA pulse 
(when AEOI bit in ICW1 is set) or by a command word that 
must be issued to the 82C59A before returning from a 
service routine (EOl Command). An EOl command must be 
issued twice if servicing a slave in the Cascade mode, once 
for the master and once for the corresponding slave. 

There are two forms of EOl command: Specific and Non- 
Specific. When the 82C59A is operated in modes which 
preserve the fully nested structure, it can determine which IS 
bit to reset on EOl. When a Non-Specific command is issued 
the 82C59A will automatically reset the highest IS bit of those 
that are set, since in the fully nested mode the highest IS level 


was necessarily the last level acknowledged and serviced. A 
non-specific EOl can be issued with OCW2 (EOl = 1, SL = 0, 
R = 0). ^ 

When a mode is used which may disturb the fully nested 
structure, the 82C59A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of In¬ 
terrupt must be issued which includes as part of the com¬ 
mand the IS level to be reset. A specific EOl can be issued 
with OCW2 (EOl = 1, SL = 1, R = 0, and LO - L2 is the binary 
level of the IS bit to be reset). 

An IRR bit that is masked by an IMR bit will not be cleared by 
a non-specific EOl if the 82C59A is in the Special Mask 
Mode. 

Automatic End of Interrupt (AEOI) Mode 

If AEOI = 1 in ICW4, then the 82C59A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 82C59A will automatically perform a non-specific 
EOl operation at the trailing edge of the last interrupt acknow¬ 
ledge pulse (third pulse in 8080/85, second in 80086/88/ 
286). Note that from a system standpoint, this mode should 
be used only when a nested multi-level Interrupt structure Is 
not required within a single 82C59A. 

Automatic Rotation (Equal Priority Devices) 

In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after being 
serviced, receives the lowest priority, so a device requesting 
an interrupt will have to wait, in the worst case until each of 7 
other devices are serviced at most once. For example, if the 
priority and “in service” status is: 


Before Rotate (IR4 the highest priority requiring service) 



IS7 

IS 6 

IS5 

IS4 

IS3 

IS2 

IS1 

ISO 

“IS” Status 

0 

1 

0 

1 

0 

0 

0 

0 

Priority 

STATUS 


6 

5 

4 

3 

2 

1 


lowGSt^^^^^ >^i^ighest 


After Rotate (IR4 was serviced, all other priorities rotated 
correspondingly) 



IS7 

IS 6 

IS5 

iS4 

IS3 

IS2 

IS1 

ISO 

“IS” Status 

0 

1 

0 

0 

0 

0 

0 

0 

Priority 

Status 


1 

0 

7 

6 

5 

4 

<3 

h ig hest^ lowest 


There are two ways to accomplish Automatic Rotation using 
OCW2, the Rotation on Non-Specific EOl Command (R = 1, 
SL = 0, EOl = 1) and the Rotate in Automatic EOl Mode 
which is set by (R = 1, SL = 0, EOl = 0) and cleared by 
(R = 0, SL = 0, EOl = 0). 


4-246 





82C59A 


Specific Rotation (Specific Priority) 

The programmer can change priorities by programming the 
lowest priority and thus fixing all other priorities; i.e., if IRS is 
programmed as the lowest priority device, then IR6 will 
have the highest one. 

The Set Priority command is issued in OCW2 where: R = 1, 
SL = 1, LO - L2 is the binary priority level code of the lowest 
priority device. 

Observe that in this mode internal status is updated by soft¬ 
ware control during OCW2. However, it is independent of 
the End of Interrupt (EOl) command (also executed by 
OCW2). Priority changes can be executed during an EOl 
command by using the Rotate on Specific EOl command in 
OCW2 (R = 1, SL = 1, EOl = 1, and LO - L2 = IR level to 
receive lowest priority). 

interrupt Masks 

Each Interrupt Request input can be masked individually by 
the Interrupt Mask Register (IMR) programmed through 
OCW1. Each bit in the IMR masks one interrupt channel if It 
is set (1). Bit 0 masks IRO, Bit 1 masks IR1 and so forth. 
Masking an IR channel does not affect the operation of 
other channels. 

Special Mask Mode 

Some applications may require an interrupt service routine 
to dynamically alter the system priority structure during its 
execution under software control. For example, the routine 
may wish to Inhibit lower priority requests for a portion of its 
execution but enable some of them for another portion. 

The difficulty here is that if an Interrupt Request is acknow¬ 
ledged and an End of Interrupt command did not reset its IS 
bit (i.e., while executing a service routine), the 82C59A 
would have inhibited all lower priority requests with no easy 
way for the routine to enable them. 


That is where the Special Mask Mode comes in. In the 
Special Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables interrupts 
from all other levels (lower as well as higher) that are not 
masked. 

Thus, any interrupts may be selectively enabled by loading 
the mask register. 

The special Mask Mode is set by OCW3 where: ESSM = 1, 
SMM = 1, and cleared where ESSM = 1, SMM = 0. 

Poll Command 

In this mode, the INT output is not used or the 
microprocessor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input. Service to devices is achieved 
by software using a Poll command. 

The Poll command is issued by setting p = 1 in OCW3. 
The 82C59A treats the next RD pulse to the 82C59A (i.e., 
RD = 0, CS = 0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a requ est, and reads the priority 
level. Interrupt is frozen from WR to RD. 


The word enabled onto the data bus during RD is: 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

1 

- 

- 

- 

- 

W2 

W1 

WO 


W0-W2: Binary code of the highest priority level 

requesting service. 


I: Equal to a “1 ” if there is an interrupt. 

This mode is useful if th ere is a routine command common to 
several levels so that the INTA sequence is not needed (saves 
ROM space). Another application is to use the poll mode to 
expand the number of priority levels to more than 64. 


LTiM err 
0 = EDGE 
1 = LEVEL 


TO OTHER PRIORITY CELLS 



PRIORITY CELL - SIMPLIFIED LOGIC DIAGRAM 


sequence only 
3 Truth Table for D-latch 

C D Q Operation 

1 D1 D1 Follow 

0 X Qn-1 Hold 
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Reading the 82C59A Status 

The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCW3 (IRR and ISR) or OCW1 
(IMR). 

Interrupt Request Register (IRR): 8-bit register which 
contains the levels requesting an interrupt to be acknow* 
ledged. The highest request level is reset from the IRR when 
an interrupt is acknowledged. IRR is not affected by IMR. 

In-Service Register (ISR): 8-bit register which contains 
the priority levels that are being serviced. The ISR is 
updated when an End of Interrupt Command is issued. 

Interrupt Mask Register: 8-bit register which contains 
the interrupt request lines which are masked. 

The IRR can be read when, prior to the ^ pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 0). 

The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 1). 

There is no need to write an OCW3 before every status read 
operation, as long as the status read corresponds with the 
previous one: i.e., the 82C59A “remembers” whether the 
IRR or ISR has been previously selected by the OCW3. This 
is not true^en poll is used. In the poll mode, the 82 C59A 
treats the RD following a “poll write” operation as an INTA. 
After initialization, the 82C59A is set to IRR. 

For reading the IMR, no OCW3 is needed. The output data 
bus will contain the IMR whenever RD is active and AO = 1 
(OCW1). Polling overrides status read when P = 1, RR = 1 
in OCW3. 


Edge and Level Triggered Modes 

This mode is programmed using bit 3 in ICW1. 

If LTIM = “0”, an interrupt request will be recognized by a 
low to high transition on an IR Input. The IR input can remain 
high without generating another interrupt 

If LTIM = “1”, an interrupt request will be recognized by a 
“high” level on an IR input, and there is no need for an edge 
detection. The interrupt request must be removed before the 
EOl command is issued or the CPU interrupt is enabled to 
prevent a second interrupt from occurring. 

The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
82C59A. Be sure to note that the request latch is a transpar¬ 
ent D type latch. 

In both the edge and level triggered modes the IR i nputs 
must remain high until after the falling edge of the first INTA. 
If the IR input goes low before this time a DEFAULT IR7 will 
occur when the CPU acknowledges the interrupt. This can 
be a useful safeguard for detecting interrupts caused by 
spurious noise glitches on the IR inputs. To implement this 
feature the IR7 routine is used for “clean up” simply execut¬ 
ing a return Instruction, thus ignoring the interrupt. If IR7 
is needed for other purposes a default IR7 can still be 
detected by reading the ISR. A normal IR7 interrupt will set 
the corresponding ISR bit, a default IR7 won’t. If a default 
IR7 routine occurs during a normal IR7 routine, however, 
the ISR will remain set. In this case it is necessary to keep 
track of whether or not the IR7 routine was previously 
entered. If another IR7 occurs It is a default. 

In power sensitive applications, it is advisable to place the 
82C59A in the edge-triggered mode with the IR lines 
normally high. This will minimize the current through the 
internal pull-up resistors on the IR pins. 



EARUEST IR 
CAN BE 

REMOVED ‘EDGE TRIGGERED MODE ONLY 


IR TRIGGERING TIMING REQUIREMENTS 
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The Special Fully Nested Mode 

This mode will be used in the case of a big system where 
cascading is used, and the priority has to be conserved 
within each slave. In this case the special fully nested mode 
will be programmed to the master (using ICW4). This mode 
is similar to the normal nested mode with the following 
exceptions: 

a. When an interrupt request from a certain slave is in 
service, this slave is not locked out from the master’s 
priority logic and further interrupt requests from higher 
priority IRs within the slave will be recognized by the 
master and will initiate interrupts to the processor. (In the 
normal nested mode a slave is masked out when its 
request is in service and no higher requests from the 
same slave can be serviced. 

b. When exiting the Interrupt Service routine the software 
has to check whether the interrupt serviced was the only 
one from that slave. This is done by sending a non¬ 
specific End of Interrupt (EOl) command to the slave and 
then reading its In-Service register and checking for 
zero. If it is empty, a non-specified EOl can be sent to the 
master, too. If not, no EOl should be sent. 

Buffered Mode 

When the 82C59A is used in a large system where bus 
driving buffers are required on the data bus and the 
cascading mode is used, there exists the problem of 
enabling buffers. 

The buffered mo de will structure the 82C59A to send an 
enable signal on SP/EN to enable the buffers. In this mode, 
whenever the 82C59A’s data bus outputs are enabled, the 
SP/EN output becomes active. 


This modification forces the use of software programming 
to determine whether the 82C59A is a master or a slave. Bit 
3 in ICW4 programs the buffered mode, and bit 2 in ICW4 
determines whether it is a master or a slave. 

Cascade Mode 

The 82C59A can be easily interconnected in a system of 
one master with up to eight slaves to handle up to 64 priority 
levels. 

The master controls the slaves through the 3 line cascade 
bus (CAS2 - 0). The casca de bus acts like chip selects to 
the slaves during the INTA sequence. 

In a cascade configuration, the slave interrupt outputs (INT) 
are connected to the master interrupt request inputs. 
When a slave request line is activated and afterwards 
acknowledged, the master will enable the corresponding 
slave to re lease the device routine address during bytes 
2 and 3 of INTA. (Byte 2 only for 80C86/88/286). 

The cascade bus lines are normally low and will contai n the 
slave address code from the leading ed ge of the first INTA 
pulse to the trailing edge of the last INTA pulse. Each 
82C59A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOl command must be issued twice: once for the 
master and once for the corresponding slave. Chip select 
decoding is required to activate each 82C59A. Note: Auto 
EOl is supported in the slave mode for the 82C59A. 

The cascade lines of the Master 82C59A are activated only 
for slave inputs, non-slave inputs leave the cascade line 
inactive (low). Therefore, it is necessary to use a slave 
address of 0 (zero) only after all other addresses are used. 



INTERRUPT REQUESTS 


CASCADING THE 82C59A 



4-249 


CMOS 

PERIPHERALS 















82C59A 


Absolute Maximum Ratings 

Supply Voltage.+8.0V 

Input, Output or I/O Voltage. GND-0.5V to Vcc+0.5V 

Storage Temperature Range.-65°C to +150°C 

Junction Temperature.+175°C 

Lead Temperature (Soldering 10s).+300°C 

ESD Classification.Class 1 


Reliability information 

Thermal Resistance 


e« 




10°C/W 

6°C/W 


Ceramic DIP Package. 47°C/W 

Ceramic LCC Package. 53°C/W 

Maximum Package Power Dissipation at •»-125°C 

Ceramic DIP Package.1.08W 

Ceramic LCC Package.932mW 

Gate Count.1250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings“ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operatioiml sections of this specification is not implied. 


Operating Conditions 

operating Voltage Range.+4.5V to +5.5V Operating Temperature Range 


C82C69A.0®CtO+70°C 

I82C59A.-40°Cto+85°C 

M82C59A.-55°C to +125°C 


DC Electrical Specifications vcc = +5.ov ±io%, Ta =o°c to +7o°c (C82C59A), Ta = - 40 °c to +85°c (I82C59A), Ta = -55°c to 

+125°C (M82C59A) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNrrs 

TEST CONDITIONS 


Logical One Input Voltage 

2.0 

- 

___ 

C82C59A, I82C59A 



2.2 

- 

■■ 

M82C59A 

VIL 

Logical Zero Input Voltage 

- 

0.8 

V 


VOH 

Output HIGH Voltage 

3.0 


vv 

lOH = -2.5mA 



VCC -0.4 



IOH=:-100pA 

VOL 

Output LOW Voltage 

- 

0.4 

V 

lOL = +2.5mA 

11 

Input Leakage Current 

-1.0 

+1.0 

pA 

VIN = GND or VCC, Pins 1-3, 26-27 

10 

Output Leakage Current 

-10.0 

+10.0 

pA 

VOUT = GND or VCC, Pins 4-13,15-16 

ILIR 

IR Input Load Current 

- 

-200 

pA 

VIN = OV, VIN = VCC 



- 

10 

pA 


ICCSB 

Standby Power Supply 

- 

10 

pA 

VCC = 5.5V, VIN = VCC or GND Outputs 


Current 




Open, (Note 1) 

ICCOP 

Operating Power Supply 

- 

1 

mA/MHz 

VCC = 5.0V, CLK FREQ = 5MHz, VIN = VCC 


Current 




or GND, Outputs Open, Ta = +25oC, (Note 2) 


NOTES: 

1. Except for IRO - IR7 where VIN = VCC or open. 

2. ICCOP = ImA/MHz of peripheral read/write cycle time, (ex: 1 .Ops I/O read/write cycle time = 1mA). 


Capacitance Ta = + 25 °c 


SYMBOL 

PARAMETER 

TYP 

UNrrs 

TEST CONDITIONS 

CIN 

Input Capacitance 

15 

PF 

FREQ * 1MHz, all measurements reference to 
device GND. 

COUT 

Output Capacitance 

15 

PF 

Cl/0 

I/O Capacitance 

15 

pF 

















































































Specifications 82C59A 


AC Electrical Specifications vcc = +5.ov ±1 o%, gnd = ov, Ta = o°c to +70°c {C82C59A), Ta = -40°c to +85°c (182C59A), 

Ta = -55°C to +125°C (M82C59A) 



82C59A -5 


MIN MAX 


82C59A 




TIMING REQUIREMENTS 


(1)TAHRL I A0//CS Setup to RD/INTA 


{2)TRHAX I AO/CS Hold after RD/INTA 


(3)TRLRH RD/INTA Pulse Width 


(4)TAHWL AO/CS Setup to WR 


(5)TWHAX AO/CS Hold after WR 


(6)TWLWH WR Pulse Width 


(7)TDVWH Data Setup to WR 


(8)TWHDX Data Hold after WR 


(9)TJLJH Interrupt Request Width Low) 


(10)TCVIAL Casc ade Setup to Second or Third 

INTA Slave Only) 


End of R D to n ext RD, End of INTA 
within an INTA sequence only 


(12)TWHWL EndofWRtonextWR 


(13)TCHCL* End of Command to next comm and 
not same comma nd typ e), End of INTA 
sequence to next INTA sequence 


TIMING RESPONSES 


(14)TRLDV Data Valid from RD/INTA 


(15)TRHDZ I Data Float after RD/INTA 


(16)TJHIH Interrupt Output Delay 


(17)TIALCV Cascade Valid from First INTA 
(Master Only) 


(18)TRLEL 

Enable Active from ^ or INTA 

{19)TRHEH 

Enable Inactive from ^ or INTA 

(20)TAHDV 

Data Valid from Stable Address 

(21)TCVDC 

Cascade Valid to Valid Data 



160 

- 

120 

- 

40 

100 

5 

85 

5 

22 

350 

- 

300 

- 

90 

565 

- 

360 

- 

50 

125 

- 

100 

- 

40 

60 

- 

50 

- 

22 

210 

- 

200 

- 

60 

300 

- 

200 

- 

70 


' Worst case timing for TCHCL in an actual microprocessor system is typically greater than the values specified for the 82C59A. 
(i.e. 8085A = 1.6ps, 8085A -2 = Ips, 80C86 = 1ps, 80C286 -10 = 131ns, 80C286 -12 = 98ns) 
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82C59A 



TEST CONDITION DEFINITION TABLE 


TEST 

CONDITION 

V1 

R1 

R2 

Cl 

1 

1.7V 

523a 

Open 

lOOpF 

2 

VCC 

1 . 8 ka 

I.Ska 

50pF 


A.C. Testing Input, Output Waveform 


OUTPUT 

VOH 



VIL - 0.4V VOL 


A.C. Testing: All input signals must switch between VIL - 0.4V and VIH + 0.4V. Input rise and fall 
times are driven at 1 ns/V. 


INPUT 
VIH - 0.4V 







82C59A 


Timing Waveforms 



READ/INTA 



OTHER TIMING 




INTA SEQUENCE 



1. Interrupt Request (IR) must remain HIGH until leading edge of first INTA. 

2. During first INTA the Data Bus is not active in 80C86/88/286 mode 


3. 80C86/88/286 mode. 

4. 8080/8085 mode. 
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Burn-In Circuits 


MD82C59A CERAMIC DIP 



NOTES; 

VCC = 5.5V ± 0.5V 
VIH = 4.5V ± 10% 

VIL = -0.2V to 0.4V 
GND = OV 
R1 = 47kn ± 5% 

R2 = 510n ± 5% 

R3 = 10kn±5% 

R4= 1.2kn±5% 

Cl = O.OI^iF min 
F0 = 100kHz ± 10% 

FI = FO/2, F2 = FI/2,... F8 = F7/2 


MR82C59A CERAMIC LCC 


D7 RD WR GND AO INTA 

[ri1ri1ri1ri IriIri 


ii2i {13! }i4{ !15! !16[ji?: iis; V 

[ri[r1 Ir*'[riTr41r2 


o o o Sc o 
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•"24 


[23 

-—' yyy -— 

—VV\^ 

[22 

_v^ 
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L ?1 

#yyy~. 


— aaa 52 . 

1^20 

WV 

11=1 
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SEMICONDUCTOR 


82C82 


February 1992 


CMOS Octal Latching Bus Driver 


Features 

• Full Eight-Bit Parallel Latching Buffer 

• Bipolar 8282 Compatible 

• Three>State Noninverting Outputs 

• Propagation Deiay.35ns Max. 

• Gated inputs: 

- Reduce Operating Power 

- Eliminate the Need for Puii-Up Resistors 

• Singie 5V Power Suppiy 

• Low Power Operation.ICCSB = lO^A 

• Operating Temperature Ranges 

- C82C82.0®C to +70®C 

- I82C82.-40®C to +85®C 

- M82C82.-55®C to +125®C 


Description 

The Harris 82C82 is a high performance CMOS Octal Latch¬ 
ing Buffer manufactured using a self-aligned silicon gate 
CMOS process (Scaled SAJI IV). The 82C82 provides an 
eight-bit parallel latch/buffer in a 20 pin package. The active 
high strobe (STB) input allows transparent transfer of data 
and latches data on the ne gativ e transition of this signal. The 
active low output enable (OE) permits simple interface to 
state-of-the-art microprocessor systems. 


Ordering information 


Ceramic DIP 


TEMPERATURE 

RANGE 

0°C to +70°C 
-40°C to +85°C 
0°Cto+70°C 
-40°Cto+85°C 
0°C to +70°C 
-40°C to +B5°C 
-55°C to +125°C 


ORDER CODE 


-55°C to 4-125°C 


Pinouts 


20 LEAD DIP 

TOP VIEW 



20 LEAD PLCC AND LCC 



IS I g ^ I 


TRUTH TABLE 



H = Logic One 

L = Logic Zero 

X = Don’t Caro 

* = Latched to Value of Last 

Data 

Hi-Z = High Impedance 
i s Neg. Transition 


PIN DESCRIPTION 

DI0<DI7 Data Input Pins 

DO0-DO7 Data Output Pins 
STB Active High Strobe 


Active Low Output 
Enable 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 . 
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82C82 


Functional Diagram 
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Gated Inputs 

During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input 
switching threshold. Additionally, If the driving signal be¬ 
comes high impedance (“float” condition), it could create an 
indeterminate logic state at the input and cause a disruption 
in device operation. 


D.C. input voltage levels can also cause an increase in ICC 
if these input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input 
circuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this condi¬ 
tion will occur only during the time the device is in the trans¬ 
parent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10mA during the 
time inputs are disabled, thereby greatly reducing the 
average power dissipation of the 82C8X series devices. 


The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device 
is disabled (OE = logic one for 82C86H/87H). These gated 
inputs disconnect the input circuitry from the VCC and 
ground power supply pins by turning off the upper 
P-channel and lower N-channel (see Figures 1, 2). No new 
current flow from VCC to GND occurs during input transi¬ 
tions and invalid logic states from floating inputs are not 
transmitted. The next stage is held to a valid logic level 
internal to the device. 


Typical 82C82 System Example 

In a typical 80C86/88 system, the 82C82 is used to latch 
multiplexed addresses and the STB input is driven by ALE 
(Address Latch Enable) (see Figure 3). The high pulse width 
of ALE is approximately 100ns with a bus cycle time of 
800ns (80C86/88 @ 5MHz). The 82C82 inputs are active 
only 12.5% of the bus cycle time. Average power dissipation 
related to input transitioning is reduced by this factor also. 



FIGURE 1. 82C82/83H 


FIGURE 2. 82C86H/87H GATED INPUTS 
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82C82 


Application Information 

Decoupling Capacitors 

The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C82 data sheet 
is determined by 
I = CL (dv/dt) 

Assuming that all outputs change state at the same time 
and that dv/dt is constant; 
l = CL 

(VCC X 80%) 


This current spike may cause a large negative voltage spike 
on VCC, which could cause improper operation of the 
device. To filter out this noise, it Is recommended that a 
0.1|iiF ceramic disc decoupling capacitor be placed 
between VCC and GND at each device, with placement 
being as near to the device as possible. 


tR/tF 

where tR = 20ns, VCC = 5.0V, CL = 300pF on each of eight 
outputs. 

I = (8 X 300 X 10-12) X {5.0V x 0.8)/(20 x 10-9) 

= 480mA 


VCC 


VCC 



, INTERNAL 
DATA 


FIGURE 3. SYSTEM EFFECTS OF GATED INPUTS 
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Specifications 82C82 


Absolute Maximum Ratings Reliability Information 

Supply Voltage.+8.0V Thermal Resistance. 0ja 6,c 

Input, Output or I/O Voltage.GND-0.5V to Vcc+0.5V Ceramic DIP Package. 79°C/W 20®C/W 

Storage Temperature Range.-65°C to +150°C Ceramic LCC Package. 76°C/W 19°C/W 

Junction Temperature.+175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s).+300°C Ceramic DIP Package.638mW 

ESD Classification.Class 1 Ceramic LCC Package.664mW 

Gate Count.65 Gates 

CAUTION Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Operating Temperature Range 

C82C82.0°C to +70°C 

I82C82.-40°Cto+85°C 

M82C82.-55°Cto+125°C 


DC Electrical Specifications vcc=: 5.ov±io%; 


Ta = 0°C to +70°C (C82C82); 

Ta = -40°C to +85°C (I82C82); 
Ta = -55°C to +125°C (M82C82) 



SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 



Logical One Input Voltage 


Logical Zero Input Voltage 


Logical One Output Voltage 


Logical Zero Output Voltage 


Input Leakage Current 


Output Leakage Current 


ICCSB Standby Power Supply Cur¬ 
rent 


ICCOP Operating Power Supply 
Current 



C82C82,182C82 (Note 1) 


M82C82 (Note 1) 


lOH = -8mA, OE = GND 


IOH = -100pA, OE = GND 


lOL = 8mA, OE = GND 


VIN = GND or VCC, DIP Pins 1-9, 11 


VO = GND or VCC, OE > VCC -0.5V 
DIP Pins 12-19 


VIN = VCC or GND, VCC = 5.5V, Outputs Open 


mA/MHz Ta =+25°C, VCC = 5V, Typical (See Note 2) 


1. VIH is measured by applying a pulse of magnitude = VIHmin to 2. Typical ICCOP = 1 mA/MHz of STB cycle time. (Example: 5MHz 


one data input at a time and checking the corresponding device 
output for a valid logical “1” during valid input high time. Control 
pins (STB, OE) are tested separately with all device data input 
pins at VCC -0.4 

Capacitance Ta = -i^ 25 °c 


pP, ALE = 1.25MHz, ICCOP = 1.25mA). 


SYMBOL 

PARAMETER 

TYPICAL 

UNITS 

CIN 

Input Capacitance 

13 

PF 

COUT 

Output Capacitance 

20 

pF 


TEST CONDITIONS 


Freq = 1 MHz, all measurements are 
referenced to device GND 
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Specifications 82C82 


AC Electrical Specifications vcc = 5.ov±io%; = o°c to +7o°c (C 82 C 82 ); 

Cl = 300pF*, Freq = 1MHz Ta = -40°C to +85°C (I82C82); 

Ta = -55°C to +125°C (M82C82) 



•Output load capacitance is rated at 300pF for ceramic and plastic packages. 

NOTES: 

1. All AC parameters tested as per test circuits and definitions 2. Input test signals must switch between VIL - 0.4V and VIH +0.4V. 

below. Input rise and fall times are driven at InsA/. 



Test Load Circuits 

1.7V 0.6 V 3.3 V 



TIVOV, TSHOV, TELOV TEHOZ OUTPUT HIGH DISABLE TEHOZ OUTPUT LOW DISABLE 


• Includes stray and jig capacitance 
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Metallization Topology 

DIE DIMENSIONS: 

118.1 X92.1 x19±1mils 

METALLIZATION: 

Type: Si ■ Al 
Thickness: 11 kA ± 1 kA 

GLASSIVATION: 

Type: Si02 

Thickness: 8kA± IkA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 

2.00 X 10® A/cm^ 


Metallization Mask Layout 

82C82 



DI7 


OE 


Rl 

GND 




















































































































































SEMICONDUCTOR 


82C83H 


February 1992 


CMOS Octal Latching 
Inverting Bus Driver 


Features 

• Full Eight-Bit Parallel Latching Buffer 

• Bipolar 8283 Compatible 

• Three State Inverting Outputs 

• Propagation Delay.25ns Max 

• Gated Inputs: 

- Reduce Operating Power 

- Eliminate the Need for Pull-up Resistors 

• Single 5V Power Supply 

• Low Power Operation 

- ICCSB.10mA 

• Operating Temperature Ranges 

- C82C83H.0®Cto+70®C 

- I82C83H.-40°C to +85®C 

- M82C83H.-55®Cto+125®C 


Description 

The Harris 82C83H is a high performance CMOS Octal 
Latching Buffer manufactured using a self-aligned silicon 
gate CMOS process (Scaled SAJI IV). The 82C83H provides 
an eight-bit parallel latch/buffer In a 20 pin package. The 
active high strobe (STB) input allows transparent transfer of 
data and latches data on the negative transition of this 
signal. The active low output enable (OE) permits simple 
interface to microprocessor systems. The 82C83H provides 
inverted data at the outputs. 

Ordering Information 


PACKAGE 

Plastic DIP 


TEMPERATURE 

RANGE 

0°C to +70°C 

-40°C to +85°C 

0°C to +70°C 

-40°C to +85°C 

0°C to +70°C 

-40°C to +85°C 

-55°C to +125°C 

-55°C to +125°C 


ORDER CODE 

CP82C83H 

IP82C83H 

CS82C83H 

IS82C83H 

CD82C83H 

ID82C83H 

MD82C83H/B 

8406702RA 

MR82C83H/B 

84067022A 


Pmouts 

20 LEAD DIP 

TOP VIEW 


I E ^ ^ 

E l3 DOo 



20 LEAD PLCC AND LCC 

TOP VIEW 


5 5 5 ri' 



IS I S I8 



TRUTH TABLE 



H = Logic One Hl-Z = High Impedance 

L = Logic Zero i - Neg. Transition 

X = Don’t Care 

* = Latched to Value of Last Data 


PIN 

DESCRIPTION 

DIq - Dly 

Data Input Pins 

DOq - DO 7 

Data Output Pins 

Wtb 

Active High Strobe 

OE 

Active Low Output Enable 



CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1992 . 
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82C83H 


Functional Diagram 



state). The 82C8X series gated inputs mean that this 
condition will occur only during the time the device is in the 
transparent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10 mA during the 
time inputs are disabled, thereby greatly reducing the 
average power dissipation of the 82C8X series devices. 


Gated inputs 

During normal system operation of a latch, signals on the 
bus at the device inputs will become high Impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated Input transitions switch the Input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
Vcc GND when the signal is at or near the input 
switching threshold. Additionally, if the driving signal 
becomes high Impedance (“float” condition), it could create 
an indeterminate logic state at the inputs and cause a 
disruption in device operation. 

The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device 
Is disabled (OE = logic one for the 82C86H/87H). These 
gated inputs disconnect the input circuitry from the Vqc 
and ground power supply pins by turning off the upper 
P-channel and lower N-channel (See Figures 1 and 2). No 
current flow from Vcc GND occurs during input 
transitions and invalid logic states from floating inputs are 
not transmitted. The next stage Is held to a valid logic level 
internal to the device. 



. INTERNAL 
DATA 


FIGURE 2. 82C86H/87H GATED INPUTS 

Decoupling Capacitors 

The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C83H data 
sheet is determined by 

I = Cl (dv/dt) 

Assuming that all outputs change state at the same time 
and that dv/dt is constant; 

(Vcc X 80%) 


where tR = 20ns, Vcc ® 0V, Cl = 300pF on each eight 
outputs. 

I = (8 X 300 X 10-12) X (5.0V x 0.8)/(20 x 10-9) = 480mA 

This current spike may cause a large negative voltage spike on 
Vcc which could cause improper operation of the 
device. To filter out this noise, it is recommended that a O.lpF 
ceramic disc capacitor be placed between Vcc ^^icl GND at 
each device, with placement being as near to the device as 
possible. 



INTERNAL 

DATA 


FIGURE 1. 82C82/83H 

D.C. input voltage levels can also cause an increase in ICC 
if these input levels approach the minimum V|h or maximum 
V|L conditions. This is due to the operation of the input 
circuitry in its linear operating region (partially conducting 



INTERNAL 

DATA 


FIGURE 3. SYSTEM EFFECTS OF GATED INPUTS 


4-264 





Specifications 82C83H 


Absolute Maximum Ratings 

Supply Voltage.+8.0V 

Input, Output or I/O Voltage.GND-0.5V to Vcc+0.5V 

Storage Temperature Range.-65°C to +150°C 

Junction Temperature.+175°C 

Lead Temperature (Soldering 10s).+300°C 

ESD Classification.Class 1 


Reliability Information 

Thermal Resistance Oja 

Ceramic DIP Package. 70°C/W 

Ceramic LCC Package. 76°C/W 

Maximum Package Power Dissipation at +125®C 

Ceramic DIP Package.720mW 

Ceramic LCC Package.664mW 

Gate Count.265 Gates 


®JC 

15®C/W 

19°C/W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operatbn 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V 


Operating Temperature Range 

C82C83H.0°Cto+70°C 

I82C83H.-40°Cto+85°C 

M82C83H.-55°Cto+125°C 


DC Electrical Specifications Vcc = 5.0V ± 10%; Ta = 0°C to +70°C (C82C83H); 

Ta = -40°c to +85°C (I82C83H): 
Ta = -55°C to +125°C (M82C83H) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

V|H 

Logical One Input Voltage 

2.0 

2.2 

- 

m 

C82C83H, I82C83H 

M82C83H, (Note 1) 

V,L 

Logical Zero Input Voltage 


0.8 

V 


VoH 

Logical One Output Voltage 

3.0 

Vcc -0.4V 

- 

V 

Iqh = *8 mA, 

loH =-100mA, OE = GND 

VoL 

Logical Zero Output Voltage 


0.45 

V 

Iql = 20mA, OE = GND 

l| 

Input Leakage Current 

-10 

10 

pA 

V,N = GND or Vcc. DIP Pins 1-9,11 

•o 

Output Leakage Current 

-10 

10 

pA 

Vq = GND or OE ^ Vcc -0.5V 

DIP Pins 12-19 

ICCSB 

Standby Power Supply Current 

- 

10 

pA 

V|N = Vcc or GND 

Vcc = 5.5V Outputs Open 

ICCOP 

Operating Power Supply Current 

- 

1 

mA/ 

MHz 

Ta = +25°C, Vcc = 5V, Typical 
(See Note 2) 


NOTES: 


1. V|H is measured by applying a pulse of magnitude = ViHmm to one 2. Typical ICCOP = 1 mA/MHz of STB cycle time. (Example: 5MHz 
data input at a time and checking the corresponding device \iP, ALE = 1.25MHz, ICCOP = 1.25mA). 
output for a valid logical “1” during valid input high time. Control 
pins (STB, OE) are tested separately with all device data input 
pins at Vcc -O-^V. 


Capacitance Ta = +25°C 


SYMBOL 

PARAMETER 

TYPICAL 

UNITS 

TEST CONDITIONS 

C|N 

Input Capacitance 

13 

PF 

FREQ = 1 MHz, all measurements are 
referenced to device GND 

Dqut 

Output Capacitance 

20 

PF 















































































Specifications 82C83H 


AC Electrical Specifications Vcc = 5.0V ± io%; Cl = 300pF*, FREQ = iMHz 

Ta = 0“C to +70“C (C82C83H): 

Ta -40°C to +85°C (I82C83H); 

Ta = -55°C to +125°C (M82C83H) 

UMITS 

SYMBOL PARAMETER MIN I MAX UNITS TEST CONDITIONS 


(I)TIVOV 

Propagation Delay Input to Output 

5 

25 

ns 

See Notes 1,2 

(2) TSHOV 

Propagation Delay STB to Output 

10 

50 

ns 

See Notes 1,2 

(3) TEHOZ 

Output Disable Time 

5 

22 

ns 

See Notes 1,2 

(4)TELOV 

Output Enable Time 

10 

45 

ns 

See Notes 1,2 

(5) TIVSL 

Input to STB Set Up Time 

0 

- 

ns 

See Notes 1,2 

(6)TSLIX 

Input to STB Hold Time 

30 

- 

ns 

See Notes 1,2 

(7) TSHSL 

STB High Time 

15 

- 

ns 

See Notes 1,2 

(8)TR.TF 

Input Rise/Fall Times 

- 

20 

ns 

See Notes 1,2 


* Output load capacitance is rated 300 pF for both ceramic and NOTES: 
plastic packages 1 ^ q Parameters tested as per test load circuits. Input rise and 

fall times are driven at 1 r\sN. 

2. Input test signals must switch between V|l -0.4V and V|h +0.4V. 

























































82C83H 


Timing Waveform 


- TR, TF (8) 


TIVSL (5) TSUX 

. ^ ( 6 ) - 


TSHSL (7) 


TEHOZ (3) 


TSHOV (2) 


rVOH -0.1V 
+ 0.1V 


All timing measurements are made at 1. 5V unless otherwise noted. 


TELOV (4) 



Test Load Circuits 



2.27V 


1.5V 




OUTPUT 0-.- .< 

-.TEST 

OUTPUT o—.— < 1 ■ O test 

^ ^ POINT 

POINT 

300pF*7k 

V 


OOOpRTp 

V7 

V 

TIVOV, TSHOV 


V 

TELOV OUTPUT HIGH ENABLE 

1.5V 


2.27V 

>51IX 



r\\ n-r*! it ^ . _ 

oTEST 

r\i nrr»i nr ^ TEST 


POINT 

OUTPUT O n 

300pF*7s 

T7 


50pR 7k 

V 

V 

TELOV OUTPUT LOW ENABLE 

V 

TEHOZ OUTPUT LOW/HIGH DISABLE 


*lncludes jig and stray capacitance 
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82C83H 


Burn-In Circuits 


MD82C83H CERAMIC DIP 



MR82C83H CERAMIC LCC 


R 4 IR 4 R4 



N IR3IR4LR4 


NOTES: 

VCC = 5.5V ± 0.5V GND = OV 
VIH = 4.5V ± 10% 

VIL = -0.2 to 0.4V 
R1 = 47kn ± 5% 

R2 = 2.0kn ± 5% 

R3 = 1 .Okn ± 5% 

R4 = 5.0kn ± 5% 

Cl = 0.01 )iF Minimum 
FO = 100kHz ± 10% 

FI = FO/2, F2 = FI/2, F3 = F2/2 
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82C83H 


Metallization Topology 

DIE DIMENSIONS: 

138.6 X 155.5 X 19 ± 1 mils 
METALLIZATION: 

Type: Silicon - Aluminum 
Thickness; 11kA ± 2kA 
GLASSIVATION: 

Type: Si02 
Thickness: 8kA ± 1 kA 
DIE ATTACH: 

Material: Gold - Silicon Eutectic Alloy {LCC has Gold 
Preform) 

Temperature: Ceramic DIP — 460OC (Max) 

Ceramic LCC — 420OC (Max) 

WORST CASE CURRENT DENSITY: 

2.0 X 10^ A/cm2 

Metallization Mask Layout 

82C83H 
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82C84A 


February 1992 

Features 

• Generates the System Clock For CMOS or NMOS 
Microprocessors 

• Up to 25MHz Operation 

• Uses a Parallel Mode Crystal Circuit or External 
Frequency Source 

• Provides Ready Synchronization 

• Generates System Reset Output From Schmitt Trigger 
Input 

• TTL Compatible inputs/Outputs 

• Very Low Power Consumption 


CMOS Clock Generator Driver 


Description 

The Harris 82C84A is a high performance CMOS Clock 
Generator-driver which is designed to service the require¬ 
ments of both CMOS and NMOS microprocessors such as 
the 80C86, 80C88, 8086 and the 8088. The chip contains a 
crystal controlled oscillator, a divide-by-three counter and 
complete “Ready” synchronization and reset logic. 

Static CMOS circuit design permits operation with an exter¬ 
nal frequency source from DC to 25MHz. Crystal controlled 
operation to 25MHz is guaranteed with the use of a parallel, 
fundamental mode crystal and two small load capacitors. 

All Inputs (except XI and RES) are TTL compatible over 
temperature and voltage ranges. 



Pinouts 


18 LEAD DIP 

TOP VIEW 


20 LEAD PLCC AND LCC 
TOP VIEW 



[z ^ > o 

IlUOMOi- 

< o. o > X 


RDY1 11 • 



tn 112 

<{> Iqc o 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 . _ * 


File Number 2974 








82C84A 


Functional Diagram 



CONTROL PIN 

LOGICAL 1 

LOGICAL 0 

F/C 

External Clcxik 

Crystal Drive 

RES 

Normal 

Reset 

RDY1,RDY2 

Bus Ready 

Bus Not Ready 

AEnT, AEN2 

Address Disabled 

Address Enable 

ASYNC 

1 Stage Ready 
Synchronization 

2 Stage Ready 
Synchronization 
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82C84A 


Pin Description 


SYMBOL 

NUMBER 

TYPE 

DESCRIPTION 


■ 

1 

ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify Its respective Bus 
Ready Signal (RDY1 or RDY2). AEN1 validates RDY1 while AEN2 validates RDY2 Two AEN 
signal inputs are useful in system configurations which permit the processor to access two Multi- 
Master System Busses. In non-Multi-Master configurations, the AEN signal inputs are tied true 
(LOW). 

RDY1, 

RDY2 

■ 

■ 

BUS READY (Transfer Complete). RDY is an active HIGH signal which is an indication from a 
device located on the system data bus that data has been received, or is available RDY1 is qual¬ 
ified by AEN1 while RDY2 is qualified by AEN2. 

ASYNC 

15I 


READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the READY logic. When ASYNC is low, two stages of READY synchronization are pro- 
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 

READY 

5 

0 

READY: READY is an active HIGH signal which is the synchronized RDY signal input. READY 
is cleared after the guaranteed hold time to the processor has been met. 

X1,X2 

17,16 

m 

CRYSTAL IN: XI and X2 are the pins to which a crystal is attached. The crystal frequency Is 3 
times the desired processor clock frequency.* 

F/C 

13 


FREQUENCY/CRYSTAL SELECT: F/C is a strapping option. When strapped LOW. F/C permits 
the processor’s clock to be generated by the crystal. When F/C is strapped HIGH, CLK is gen¬ 
erated for the EFI input* 

EFI 

14 

1 

EXTERNAL FREQUENCY IN: When F/C is strapped HIGH, CLK is generated from the input 
frequency appearing on this pin. The input signal is a square wave 3 times the frequency of the 
desired CLK output 

CLK 

8 

0 

PROCESSOR CLOCK: CLK is the clock output used by the processor and all devices which 
directly connect to the processor’s local bus. CLK has an output frequency which is 1/3 of the 
crystal or EFI input frequency and a 1/3 duty cycle. 

PCLK 

2 

o 

PERIPHERAL CLOCK: PCLK is a peripheral clock signal whose output frequency Is 1/2 that of 
CLK and has a 50% duty cycle. 

OSC 

12 

0 

OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuitry. Its frequency is 
equal to that of the crystal. 


11 

1 

RESET IN: RES is an active LOW signal which is used to generate RESET. The 82C84A 
provides a Schmitt trigger input so that an RC connection can be used to establish the power-up 
reset of proper duration. 

RESET 

10 

0 

RESET: RESET is an active HIGH signal which is used to reset the 80C86 family processors. Its 
timing characteristics are determined by RES. 

CSYNC 

1 

1 

CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple 82C84As 
to be synchronized to provide clocks that are in phase. When CSYNC Is HIGH the Internal 
counters are reset. When CSYNC goes LOW the internal counters are allowed to resume count¬ 
ing. CSYNC needs to be externally synchronized to EFI. When using the internal oscillator 
CSYNC should be hardwired to ground. 

GND 

9 


Ground 

VCC 

18 


VCC: the +5V power supply pin. A 0.1 pF capacitor between VCC and GND is recommended for 
decoupling. 


* If the crystal inputs are not used X1 must be tied to VCC or GND and X2 should be left open. 
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82C84A 


Functional Description 

Oscillator 

The oscillator circuit of the 82C84A is designed primarily for 
use with an external parallel resonant, fundamental mode 
crystal from which the basic operating frequency is derived. 

The crystal frequency should be selected at three times the 
required CPU clock. X1 and X2 are the two crystal input 
crystal connections. For the most stable operation of the 
oscillator (OSC) output circuit, two capacitors (C1 = C2) as 
shown in the waveform figures are recommended. The out¬ 
put of the oscillator is buffered and brought out on OSC so 
that other system timing signals can be derived from this sta¬ 
ble, crystal-controlled source. 

TABLE 1. CRYSTAL SPECIFICATIONS 


6dB (Minimum) 


PARAMETER _ TYPICAL CRYSTAL SPEC 

Frequency 2.4 - 25MHz, Fundamental, “AT cut 

Type of Operation Parallel 

Unwanted Modes 6dB (Minimum) 

Load Capacitance 18 - 32pF 

Capacitors C1, C2 are chosen such that their combined 
capacitance 

CT = Cl X C2 (Including stray capacitance) 

Cl +C2 

matches the load capacitance as specified by the crystal 
manufacturer. This Insures operation within the frequency 
tolerance specified by the crystal manufacturer. 

Clock Generator 

The clock generator consists of a synchronous dlvlde-by- 
three counter with a special clear input that inhibits the count¬ 
ing. This clear input (CSYNC) allows the output clock to be 
synchronized with an external event (such as another 
82C84A clock). It is necessary to synchronize the CSYNC 
Input to the EFI clock external to the 82C84A. This Is accom¬ 
plished with two flip-flops. (See Figure 1). The counter output 
is a 33% duty cycle clock at one-third the input frequency. 

* The F/C input is a strapping pin that selects either the crystal 
oscillator or the EFI Input as the clock for the + 3 counter. If the 
EFI input is selected as the clock source, the oscillator section can 
be used independently for another clock source. Output is taken 
from OSC. 

Clock Outputs 


The CLK output is a 33% duty cycle clock driver designed to 
drive the 80086, 80C88 processors directly. POLK is a 
peripheral clock signal whose output frequency is 1/2 that of 
CLK. POLK has a 50% duty cycle. 

Reset Logic 

The reset logic provides a Schmitt trigger input (RES) and a 
synchronizing flip-flop to generate the reset timing. The reset 
signal is synchronized to the failing edge of CLK. A simple 
RC network can be used to provide power-on reset by utiliz¬ 
ing this function of the 82C84A. 

READY Synchronization 

Two READY input (RDY1, RDY2) are provided to acc ommo¬ 
date two sy stem busses. Each input has a qualifier (AEN1 
and AEN2, respectively). The AEN signals validate their 
respectiv e RDY signals, if a Multi-Master system Is not being 
used the AEN pin should be tied LOW. 

Synchronization is required for all asynchronous active-going 
edges of either RDY input to guarantee that the RDY setup and 
hold times are met. Inactive-going edges of RDY In normally 
ready systems do not require synchronization but must satisfy 
RDY setup and hold as a matter of proper system design. 

The ASYNC input defines two modes of READY synchroni¬ 
zation operation. 

When ASYNC is LOW, two stages of synchronization are pro¬ 
vided for active READY input signals. Positive-going asynchro¬ 
nous READY Inputs will first be synchronized to flip-flop one a 
the rising edge of CLK (requiring a setup time tRIVCH) and 
the synchronized to flip-flop two at the next falling edge of CLK, 
after which time the READY output will go active (HIGH). Neg¬ 
ative-going asynchronous READY inputs will be synchronized 
directly to flip-flop two at the falling edge of CLK, after which 
the READY output will go inactive. This mode of operation is 
intended for use by asynchronous (normally not ready) devices 
In the system which cannot be guaranteed by design to meet 
the required RDY setup timing, TR1VCL, on each bus cycle. 
When ASYNC Is high or left open, the first READY flip-flop Is 
bypassed in the READY synchronization logic. READY Inputs 
are synchronized by flip-flop two on the falling edge of CLK 
before they are presented to the processor. This mode is 
available for synchronous devices that can be guaranteed to 
meet the required RDY setup time. 

ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device In the 
system. 


PI OPl^ 

SYNCHRONIZE 



(TO OTHER 82C84A8) 


FIGURE 1. CSYNC SYNCHRONIZATION 


NOTE: If EFI input is used, then crystal input XI must be tied to VCC or GND and X2 should be left open. If the crystal inputs are used, then 
EFI should be tied to VCC or GND. 
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Specifications 82C84A 


Absolute Maximum Ratings 

Supply Voltage.+8.0V 

Input, Output or I/O Voltage. GND-0.5V to Vcc+0.5V 

Storage Temperature Range.-65°C to +150°C 

Junction Temperature.+175°C 

Lead Temperature (Soldering 10s).+300°C 

ESD Classification.Class 1 


Reliability Information 

Thermal Resistance 0ja Ojc 

Ceramic DIP Package. 86°C/W 24°C/W 

Ceramic LCC Package. 73°C/W 20°C/W 

Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package.580mW 

Ceramic LCC Package.532mW 

Gate Count.50 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of tile device at these or any otiier conditions above those indicated in the operationai sections of this ^ecification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V 


Operating Temperature Range 

C82C84A.0°Cto+70°C 

I82C84A.-40°C to +85°C 

M82C84A.-55°C to +125°C 


DC Electrical Specifications vcc = +5.ov ±io% 

Ta = 0°C to +70°C (C82C84A) 

Ta = -40°C to +85°C (I82C84A) 

Ta = -55°C to +125°C (M82C84A) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

VIH 

Logical One Input Voltage 

2.0 


m 

C82C84A, I82C84 



2.2 


■■ 

M82C84A, Notes 1,2 

VIL 

Logical Zero Input Voltage 


0.8 

V 

Notes 1,2,3 

VIHR 

Reset Input High Voltage 

VCC -0.8 


V 


VILR 

Reset Input Low Voltage 


0.5 

V 


VT+-VT- 

Reset Input Hysteresis 

0.2 VCC 




VOH 

Logical One Output Current 

VCC -0.4 


V 

lOH = -4.0mA for CLK Output 
lOH = -2.5mA for All Others 

VOL 

Logical Zero Output Voltage 


0.4 

V 

lOL = +4.0mA for CLK Output 
lOL = +2.5mA for All Others 

II 

Input Leakage Current 

-1.0 

1.0 

pA 

VIN = VCC or GND except ASYNC, 

XI: (Note 4) 

ICCOP 

Operating Power Supply Current 


40 

mA 

Crystal Frequency = 25MHz 

Outputs Open, Note 5 


NOTES: 


1. F/C is a strap option and should be held either < 0.8V or > 2.2V. 
Does not apply to XI or X2 pins. 

2. Due to test equipment limitations related to noise, the actual test¬ 
ed value may differ from that specified, but the specified limit is 
guaranteed. 

3. CSYNC pin is tested with VIL < 0.8V. 


Capacitance Ta = +25°c 


SYMBOL 

PARAMETER 

TYPICAL 

UNITS 

TEST CONDITIONS 

CIN 

Input Capacitance 

10 

PF 

FREQ = 1MHz, all measurements are 
referenced to device GND 

COUT 

Output Capacitance 

15 

PF 


4. AS YNC pin Includes an in ternal 17 .5kO nominal pull-up resistor. 
For ASYNC Input at GND, ASYNC input leakage current = 300pA 
nominal, XI - crystal feedback input. 

5. f = 25MHz may be tested using the extrapolated value based on 
measurements taken at f = 2MHz and f = 10MHz. 
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Specifications 82C84A 


AC Electrical Specifications Vcc = +5V± io% 

Ta = 0°C to +70®C {C82C84A) 

Ta = -40°C to +85°C (182C84A) 

Ta = -55°C to +125°C (M82C84A) 


SYMBOL 


TIMING REQUIREMENTS 


(1) TEHEL 


(2) TELEH 


(3) TELEL 


(4) TR2VCL 


(5) TR1VCH 


(6) TR1VCL 


(7) TCLR1X 


(8) 

TAYVCL 

(9) 

TCLAYX 

(10) 

TA1VR1V 

(11) 

TCLA1X 

(12) 

TYHEH 

(13) 

TEHYL 

(14) 

TYHYL 

(15) 

TI1HCL 

(16) 

TCLI1H 


(26) TCLIL 


(27) TCLPH 


(28) TCLPL 


(29) TOLCH 


(30) TOLCL 


External Frequency HIGH Time 


External Frequency LOW Time 


EFI Period 


XTAL Frequency 


RDY1, RDY2 Active Setup to CLK 


RDY1, RDY2 Active Setup to CLK 


RDY1, RDY2 Inactive Setup to CLK 


RDY1, RDY2 Hold to CLK 


ASYNC Setup to CLK 


ASYNC Hold to CLK 


TIMING RESPONSES 


(17) 

TCLCL 

(18) 

TCHCL 

(19) 

TCLCH 

(20) 

TCH1CH2 

(21) 

TCL2CL1 

(22) 

TPHPL 

(23) 

TPLPH 

(24) 

TRYLCL 

(25) 

TRYHCH 




AEN1, AEN2 Hold to CLK 


CSYNC Setup to EFI 


CSYNC Hold to EFI 


CSYNC Width 


RES Hold to CLK 


CLK Cycle Period 


CLK HIGH Time 


CLK LOW Time 


CLK Rise or Fall Time 


PCLK HIGH Time 


PCLK LOW Time 


Ready inactive to CLK (See Note 4) 


Ready Active to CLK (See Note 3) 


CLK to Reset Delay 


CLK to PCLK HIGH Delay 


CLK to PCLK LOW Delay 


OSC to CLK HIGH Delay 


OSC to CLK LOW Delay 


13 


13 


36 


2 . 


35 


35 


35 


0 


50 


0 


15 


0 


20 


20 


2TELEL 


65 


20 


(NOTE 1) TEST 
CONDITIONS 


90%-90% VIN 


10%-10% VIN 



NOTES: 

1. Tested as follows: f = 2.4MHz, VIH = 2.6V, VIL = 0.4V. CL = 50pF^ 
VOH >1.5V, VOL <1.5V, unless otherwise specified. RES and F/C 
must switch between 0.4V and VCC •0.4V. Input rise and fall times 
driven at 1 ns/V. VIL < VIL (max) - 0.4V for CSYNC pin. VCC = 4.5V 
and 5.5V. 


2. Tested using EFI or XI input pin. 

3. Setup and hold necessary only to guarantee recognition at next 
clock. 

4. Applies only to T2 states. 

5. Applies only to T3 TW states. 

6. Tested with EFI Input frequency = 4.2MHz. 
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82C84A 


Timing Waveforms 


WAVEFORMS FOR CLOCKS AND RESET SIGNALS 


NAME I/O . 

' JVJV.. 

OSC 0 


^ tEHEL 




(16) (15) 

-tcLnH-4^tnHCL- 


NOTE: All timing measurements are made at 1.5 Volts, unless otherwise noted. 

WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


—H^clrix -« 

tRlVCH—♦ 

_i!L_j 

tAlVRlV —»J(10) < 


tCLRIX—H (7) 


tCLAlX—H (11) 


tCLAYX-H W 


WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


-tCLRIX-H 

(4) U—tRivCL 


tAIVRIV—H(10)H 


tCLRlX- A 1^1 


(8)—HtAYVCLH 


tCLAlX —H (11) 


tCLAYX—H 
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82C84A 


Test Load Circuits 


TEST LOAD MEASUREMENT CONDITIONS 

2.25V 


OUTPUT FROM 
DEVICE UNDER TEST 


R « 7400 FOR ALL OUTPUTS 
EXCEPT CLK 
4630 FOR CLK OUTPUT 

Cl 

(SEE NOTE 3) 


NOTES: 

1. CL =1(X)pF for CLK output 

2. CL = 50pF for all outputs except CLK 

3. CL = lr)cludes probe and jig capacitance 


TCHCL, TCLCH LOAD CIRCUIT 


TCHCL, TCLCH LOAD CIRCUIT 



LOAD 

PULSE __ 



_ LOAD 

(SEE N0TE1) 

GENERATOR 

... EFI 

CLK 

(SEE N0TE1) 


TRYLCL, TRYHCH LOAD CIRCUIT 

VCC - 

I- AEN1 CLK - 

-L C 1 4: p 

^ READY . I 

T -X2 


LOAD 

I (SEE NOTE 1) 
LOAD 

(SEE NOTE 2) 


PULSE 

GENERATOR 

TRIGGER 


TRYLCL, TRYHCH LOAD CIRCUIT 


PULSE . 



_I LOAD 

GENERATOR T 

EFI 

CLK 

I (SEE NOTE 1) 


TRIGGER ' - 

AEN1 

READY 

_1 LOAD 


RDY2 

1 (SEE NOTE 2) 

GENERATOR j.. 

AEN2 




A,C. Testing input, Output Waveform 


INPUT 

OUTPUT 

VIH -t- 0.4V 

VOH 

1.5V ^ 


VIL-0.4V 

VOL 

NOTE: Input test signals must switch between VIL (maximum) -0.4V and VIH (minimum) +0.4V. RES and F/C must switch between 0.4V 

and VCC -0.4V. Input rise and fall times driven at 1ns/V. VIL < 

VIL (max) -0.4V for CSYNC pin. VCC -4.5V and 5.5V. 
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82C84A 


Metallization Topology 

DIE DIMENSIONS: 

66.1 x70.5x19±1mils 

METALLIZATION: 

Type: Si - Al 
Thickness: 11 kA ± 1 kA 

GLASSIVATION: 

Type: SiOg 

Thickness: 8kA± 1kA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 

1.42x10^A/cm2 


Metallization Mask Layout 


PCLK CSYNC 




GND RESET 


RES OSC 
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SEMICONDUCTOR 


82C85 


February 1992 


CMOS Static Clock 
Controller/Generator 


Features 

• Generates the System Clock For CMOS or NMOS 
Microprocessors and Peripherals 

• Complete Control Over System Operation for Very 
Low System Power 

- Stop-Oscillator 

- Low Frequency 

- Stop-Clock 

- Full Speed Operation 

• DC to 25MHz Operation (DC to 8MHz System Clock) 

• Generates 50% and 33% Duty Cycle Clocks 
(Synchronized) 

• Uses a Paraiiel Mode Crystai Circuit or External 
Frequency Source 

• TTL Compatible Inputs/Outputs 

• 24 Pin Siimiine Dual-ln-Line or 28 Pad Square LCC 
Package Options 

• Single 5V Power Supply 

• Operating Temperature Range 

- C82C85.0®C to +70®C 

- I82C85.-40®C to +85®C 

- M82C85.-55®C to +125®C 


Ordering Information 


Description 

The Harris 82C85 Static CMOS Clock Controller/Generator 
provides complete control of static CMOS system operating 
modes and supports full speed, slow, stop-clock and stop- 
oscillator operation. While directly compatible with the Harris 
80C86 and 80C88 16-bit Static CMOS Microprocessor 
Family, the 82C85 can also be used for general system clock 
control. 

For static system designs, se parate sign als are provided on 
the 82C85 for stop (SO, SI, S2/STOP) and start (START) 
control of th e crys tal oscillator and system clocks. A single 
control line (SLO/FST) determines 82C85 fast (crystal/EFI 
frequency divided by 3) or slow (crystal/EFI frequency 
divided by 768) mode operation. Automatic maximum mode 
80C86 and 80C88 software HALT Instruction decode logic in 
the 82C85 enables software-based clock control. Restart 
logic Insures valid clock start-up and complete synchroniza¬ 
tion of system clocks. 

The 82C85 is manufactured using the Harris advanced 
Scaled SAJI IV CMOS process. In addition to clock control 
circuitry, the 82C85 also contains a crystal controlled 
oscillator (up to 25MHz), clock generation logic, complete 
“Ready” synchronization and reset logic. This permits the 
designer to tailor the system power-performance product to 
provide optimum performance at low power levels. 


LEAD PLCC AND LCC 
TOP VIEW 



Hi NC 
[ 2 I ASYNC 

W: 

[22 F/C 
[21 OSC 
^ RES 
RESET 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1992 a oan 
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82C85 


Pin Descriptions 


SYMBOL 

DIP PIN 
NUMBER 

TYPE 

DESCRIPTION 

CM 

X X 

23 

22 

I 

0 

CRYSTAL CONNECTIONS: XI and X2 are the crystal oscillator connections. The crystal 
frequency must be 3 times the maximum desired processor clock frequency. XI is the oscillator 
circuit input and X2 is the output of the oscillator circuit. If the crystal inputs are not used, XI must 
be tied to Vcc or GND, and X2 should be left open. 

EFI 

20 

I 

EXTERNAL FREQUENCY IN: When F/C is HIGH, CLK is generated from the EFI input signal. This 
input signal should be a square wave with a frequency of three times the maximum desired CLK 
output frequency. If the crystal inputs are not used. XI must be tied to Vcc or GND, and X2 should 
be left open. 

F/C 

19 

■ 

FREQUENCY/CRYSTAL SELECT: F/C selects either the crystal oscillator or the EFI input as the 
mam frequency ^urce. When F/C is LOW, the 82C85 clocks are derive^from the crystal oscillator 
circuit. When F/C is HIGH, CLK is generated from the EFI input. F/C cannot be dynamically 
switched during normal operation. 

START 

11 


A low-to-high transition on START will restart the CLK, CLK50 and PCLK outputs after the appro¬ 
priate restart sequence is completed. 

When in the crystal mode (F/C LOW) with the oscillator stopped. The oscillator will be restarted 
when a Start command is received. The CLK, CLK50 and PCLK outputs will start after the oscilla¬ 
tor input signal (XI) reaches the Schmitt trigger input threshold and 8K internal counter reaches 
terminal count. If F/C is HIGH (EFI mode), CLK, CLK50 and PCLK will restart within 3 EFI cycles 
after START is recognized. 




The 82C85 will restart In the same mode (SLO/FST) in which It stopped. A high level on START 
disables the STOP mode. 

50 

51 

13 

14 

■I 

S2/STOP, SI, SO are used to stop the 82C85 clock outputs (CLK, CLK50, PCLK) and are sampled 
by the rising edge of CLK, CLK50 and PCLK are stopped by S2/STOP, SI, SO being in the LHH 

S2/STOP 

15 

1 

state on the low-to-high transition of CLK. This LHH state must follow a passive HHH state occur 
ring on the previous low-to-high CLK transition. CLK andjCLKSO stop In the high state when F/C 
is low and may stop in either the high or low state when F/C is high. PCLK stops in its current state 
(high or low). 



1 

When in the crystal mode (F/C) low and a STOP command is Issued, the 82C85 oscillator will stop 
along with the CLK, CLK50 and PCLK outputs. When in the EFI mode, only the CLK, CLK50 and 
PCLK outputs will be halted. The oscillator circuit if operational, will continue to run. The oscillator 
and/or clock is restarted by the START input signal going true (HIGH) or the reset input (RES) 
going low. 

^/FST 

12 

1 

SLO/FST is a level-triggered Input. When HIGH, the CLK and CLK50 outputs run at the maximum 
frequency (crystal or EFI frequency divided by 3). When LOW, CLK and CLK50 frequencies are 
equal to the crystal or EFI frequency divided by 768. SLO/FST changes are internally synchro¬ 
nized so proper CLK and CLK50 phase relationships are maintained and minimum pulse width 
specifications are met. START and STOP control of the oscillator or EFI Is available in either the 
SLOW or FAST frequency modes. The SLO/FST Input must be held LOW for at least 195 OSC/ 
EFI clock cycles before it will be recognized. This eliminates unwanted frequency changes which 
could be caused by glitches or noise transients. The SLO/FST input must be held HIGH for at least 

6 OSC/EFI clock pulses to guarantee a transition to FAST mode operation. 

CLK 

8 

0 

PROCESSOR CLOCK: CLK is the clock output used by the 80C86 or 80C88 processor and other 
peripheral devices. When SLO/FST is high, CLK has an output frequency which is equal to the 
crystal or EFI input frequency divided by three. When SLO/FST is low, CLK has an output frequen¬ 
cy which is equal to the crystal or EFI Input frequency divided by 768. CLK has a 33% duty cycle. 

CLK50 

10 

0 

50% DUTY CYCLE CLOCK: CLK50 is an auxiliary clock with a 50% duty cycle and Is synchronized 
to the falling edge of CLK. When SLO/FST is high, CLK50 has an output frequency which is equal 
to the crystal or EFI input frequency divided by 3. When SLO/FST is low, CLK50 has an output 
frequency equal to the crystal or EFI input frequency divided by 768. 

PCLK 

2 

0 

PERIPHERAL CLOCK: PCLK Is a peripheral clock signal whose output frequency is equal to the 
crystal or EFI input frequency divided by 6 and has a 50% duty cycle. PCLK frequency is unaffect¬ 
ed by the state of the SLO/FST input. 

OSC 

18 

o 

OSCILLATOR OUTPUT: OSC is the output of the Internal oscillator circuitry. Its frequency is equal 
to that of the crystal oscillator circuit. OSC is unaffected by the state of the SLO/FST input. 

When the 82C85 is in the crystal mode (F/C low) and a STOP command js Issued, the OSC output 
will stop in the HIGH state. When the 82C85 is in the EFI mode (F/C HIGH, the oscillator (if 
operational) will continue to run when a STOP command is Issued and OSC remains active. 
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Pin Descriptions (Continued) 


SYMBOL 

DIP PIN 
NUMBER 

TYPE 

DESCRIPTION 

Ws 

17 

■ 

RESET IN: RES is an active LOW signal which is used to generate RESET. The 82C85 provides 
a Schmitt trigger input so that an RC connection can be used to establish the power-up reset of 
proper duration. RES starts crystal oscillator operation. 

RESET 

16 

0 

RESET: RESET is an active HIGH signal which is used to reset the 80C86 family processors. Its 
timing characteristics are determined by RES. RESET is guaranteed to be HIGH for a minimum of 
16 CLK pulses after the rising edge of RES. 

CSYNC 

1 

1 

CLOCK SYNCHRONIZATION: CSYNC Is an active HIGH signal which allows multiple 82C85 and 
82C84A to be synchronized to provide multiple in-phase clock signals When CSYNC is HIGH, the 
Internal counters are reset and force CLK, CLK50 and PCLK into a HIGH state. When CSYNC is 
LOW, the internal counters are allowed to count and the CLK, CLK50 and PCLK outputs are active. 
CSYNC must be externally synchronized to EFI. 


3 


ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify Its respective Bus 

AEN2 

7 

■ 

Ready Signal (RDY1 or RDY2). AEN1 validates RDY1 while AEN2 validates RDY2. Two AEN 
signal Inputs are useful in system configurations which permit the processor to access two Multi- 
Master System Buses. 

RDY1 

4 


BUS READY: (Transfer Complete). RDY is an active HIGH signal which is an Indication from a 

RDY2 

6 

■ 

device located on the system data bus that data has been received, or is available RDY1 Is 
qualified by AEN1 while RDY2 Is qualified by AEN2. 

ASYNC 

21 

■ 

READY SYNCHRONIZATION SELECT: ASYNC Is an Input which defines the synchronization 
mode of the READY logic. When ASYNC Is LOW, two stages of READY synchronization are pro- 
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 

READY 

5 

0 

READY: READY is an active HIGH signal which Is the synchronized RDY signal input. 

GND 

9 

1 

Ground 

Vcc 

24 

1 

Vcc: is the +5V power supply pin. A 0.1 mF capacitor between Vcc ^i^cl GND is recommended. 
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Functional Description 

The 82C85 Static Clock Controller/Generator provides 
simple and complete control static CMOS system operating 
modes. The 82C85 supports full speed, slow, stop-clock and 
stop-oscillator operation. While it is directly compatible with 
the Harris 80C86 and 80C88 CMOS 16-bit static 
microprocessors, the 82C85 can also be used for general 
purpose system clock control. 

The 82C85 pinout is a superset of the 82C84A Clock 
Generator/Driver. 82C85 pins 1-9,16-24 are compatible with 
82C84A pins 1-9, 10-18 respectively. An 82C84A can be 
placed in the upper 18 pins of an 82C85 socket and it will 
operate correctly (without the ability to control the clock and 
oscillator operation.) This allows dual design for simple 
system upgrades. The 82C85 will also emulate an 82C84A 
when pins 11-15 on the 82C85 are tied to Vcc- 

For static systems designs, separate signals are provided on 
the 82C85 for stop and start control of the crystal oscillator 
and clock outputs. A single control line determines 82C85 
fast (crystal/EFI frequency divided by 3) or slow (crystal/EFI 
frequency divided by 768) mode operation. The 82C85 also 
contains a crystal controlled oscillator, clock generation 
logic, complete “Ready” synchronization and reset logic. 

Automatic 80C86/88 software HALT instruction decode logic 
is present to ease the design of software-based clock control 
systems and provide complete software control of STOP 
mode operation. Restart logic insures valid clock start-up 
and complete synchronization of CLK, CLK50 and PCLK. 

Static Operating Modes 

In static CMOS system design, there are four basic 
operating modes. The 82C85 Static Clock Controller 
supports each of them. These modes are: FAST, SLOW, 
STOP-CLOCK and STOP-OSCILLATOR. Each has distinct 
power and performance characteristics which can be 
matched to the needs of a particular system at a specific 
time (See Table 1). 

Keep in mind that a single system may require all of these 
operating modes at one time or another during normal 
operation. A design need not be limited to a single operating 
mode or a specific combination of modes. The appropriate 
operating mode can be matched to the power-performance 
level needed at a specific time or in a particular 
circumstance. 


Reset Logic 

The 82C85 reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset timing. 
The reset signal is synchronized to the falling edge of CLK. A 
simple RC network can be used to provide power-on reset 
by utilizing this function of the 82C85. 

When In the crystal oscillator (F/C = LOW) or the EFI (F/C = 
HIGH) mode, a LOW state on the RES input will set the 
RESET output to the HIGH state. It will also restart the 
oscillator circuit if it is in the idle state. The RESET output is 
guaranteed to stay in the HIGH state for a minimu m of 16 
CLK cycles after a low-to-high transition of the RES input. 

An oscillator restart count sequence will not be disturbed by 
RESET If this count is already in progress. After the restart 
counter expires, the RESET output will stay HIGH at least for 
16 periods of CLK before going LOW. RESET can be kept 
high beyond this time by a continuing low input on the RES 
Input. 

If F/C is low (crystal oscillator mode), a low state on RES 
starts the crystal oscillator circuit. The stopped outputs 
remain inactive, until the oscillator signal amplitude reaches 
the XI Schmitt trigger Input threshold voltage and 8192 
cycles of the crystal oscillator output are counted by an 
Internal counter. After this count is complete, the stopped 
outputs (CLK, CLK50, PCLK, and OSC) start cleanly with 
the proper phase relationships. 

This 8192 count requirement insures that the CLK, CLK50 
and PCLK outputs will meet minimum clock requirements 
and will not be affected by unstable oscillator characteristics 
which may exist during the oscillator start-up sequence. This 
sequence Is also followed when a START command Is 
issued while the 82C85 oscillator is stopped. 

Oscillator/Clock Start Control 

Once the oscillator is stopped (or committed to stop) or at 
power-on, the restart sequ ence is Initiated by a HIGH state 
on START or LOW state on RES. If F/C is HI GH, th en restart 
occurs immediately after the START or RES input Is 
synchronized internally. This insures that stopped outputs 
(CLK, PCLK, OSC and CLK50) start cleanly with the proper 
phase relationship. 

If F/C is low (crystal oscillator mo de), a HIGH state on the 
START input or a low state on RES causes the crystal 
oscillator to be restarted. The stopped outputs remain 


TABLE 1. STATIC SYSTEM OPERATING MODE CHARACTERISTICS 


OPERATING 

MODE 

DESCRIPTION 

POWER LEVEL 

PERFORMANCE 

Stop-Oscillator 

All system clocks and main clock oscillator are 
stopped 

Maximum savings 

Slowest response due to oscillator 
restart time 

Stop-Clock 

System CPU and peripherals clocks stop but main 
clock oscillator continues to run at rated frequency 

Reduced system 
power 

Fast restart-no oscillator restart time 

Slow 

System CPU clocks are slowed while peripheral 
clock and main clock oscillator run at rated 
frequency 

Power dissipation 
slightly higher than 
Stop-Clock 

Continuous operation at low 
frequency 

Fast 

All clocks and oscillators run at rated frequency 

Highest power 

Fastest response 
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stopped, until the oscillator signal amplitude reaches the X1 
Schmitt trigger Input threshold voltage and 8192 cycles of 
the crystal oscillator output are counted by an internal 
counter. After this count is complete, the stopped outputs 
(CLK, CLK50, PCLK, and OSC) start cleanly with the proper 
phase relationships. 

Typically, any input signal which meets the START Input 
timing requirements can be used to start the 82C85. In many 
cases, this would be the INT output from an 82C59A CMOS 
Priority Interrupt Controller (See Figure 1). This output, 
which Is active high, can be connected to both the 82C85 
START pin and to the appropriate interrupt request input on 
the microprocessor. 



FIGURE 1. CMOS PERIPHERAL CONTROL OF 82C85 STOP, 
START AND SLOW/FAST OPERATIONS 


When the INT output becomes active, the osciliator/ciock 
circuit on the 82C85 will restart. Upon completion of the 
appropriate restart sequence, the CLK signal to the CPU will 
become active. The CPU can then respond to the still 
pending interrupt request. 

If the 82C59A/82C85 resta rt com bination is used in 
conjunction with an 82C55A STOP control, the 82C55A 
must be Initialized prior to the 82C59A after reset. The 
82C59A interrupt output is driven high at reset, causing the 
82C85 to remain in the START mode regardless of the state 
of the S2/STOP Input. This will avoid stop ping the 82C85 
due to negative transitions on the S2/STOP input which may 
occur during a mode change on the 82C55A or during the 
operation of any peripheral I/O device prior to initialization. 

Another method of insuring proper operation of the START 
functio n upon reset or system initialization is to bias the S2/ 
STOP input low with an external pull-down resistor. The S2J 
STOP Input will remain low until driven high by the 82C55A 
port pin or by external logic. This insures that the 82C85 
STOP command (HHH prior to LHH requirement on the 
status Inputs) will not be satisfied. To minimize power 
dissipa tion in this case (using a pulldown resistor), the S2/ 
STOP Input should be normally LO W and pulsed HIGH to 
develop the necessary HHH-to-LH H STOP se quence. In this 
manner, the output driving the S2/STOP Input will be 
normally LOW and will not be driving to the opposite state of 
the pull-down resistor. 

Fast Mode 

The most common operating mode for a system is the FAST 
mode. In this mode, the 82C85 operates at the maximum fre¬ 
quency determined by the main oscillator or EFI frequency. 


TABLE 2. TYPICAL SYSTEM POWER SUPPLY CURRENT FOR STATIC CMOS OPERATING MODES 



FAST 

SLOW 

STOP-CLOCK 

STOP-OSC 

CPU Frequency 

5MHz 

20 KHz 

DC 

DC 

XTAL Frequency 

15MHz 

15MHz 

15MHz 

DC 

1 ICC 

82C85 

24.7mA 

16.9mA 

14.1mA 

24.4mA 

80C88 

23.8mA 

173.0mA 

106.6mA 

106.6mA 

82C82 

1.7mA 

6.5mA 

1.0mA 

1.0mA 

82C86 

1.4mA 

14.0mA 

1.0mA 

1.0mA 

82C88 

3.5mA 

14.3mA 

3.8mA 

3.8mA 

82C52 

151.2mA 

72.0mA 

1.0mA 

1.0mA 

82C54 

943.0mA 

915.0mA 

3.5mA 

1.0mA 

82C55A 

3.2mA 

1.2mA 

1.0mA 

1.0mA 

82C59A 

580.0mA 

520.0mA 

1.0mA 

1.0mA 

74HCXX + other 

2.9mA 

10.0mA 

90.0mA 

90.0mA 

HM-6516 

820.0mA 

32.0mA 

1.9mA 

1.9mA 

HM-6616 

6.3mA 

52.5mA 

12.0mA 

12.0mA 

Total 

66.8mA 

18.9mA 

14.3mA 

244.7mA 


All measurements taken at room temperature, Vcc = +5.0 Volts. Power supply current levels will be dependent upon system 
configuration and frequency of operation. 
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FAST mode operation is enabled by each of two conditions: 

• The SLO/FST input Is HIGH and a START or reset 
command is issued 

• The SLO/FST input is held HIGH for at least 6 
oscillator or ER cycles. 

Alternate Operating Modes 

Using alternate modes of operation (slow, stop-clock, stop- 
oscillator) will reduce the average system operating power 
dissipation in a static CMOS system (See Table 2). This 
does not mean that system speed or throughput must be 
reduced. When used appropriately, the slow, stopciock, stop- 
oscillator modes can make your design more power efficient 
while maintaining maximum system performance. 

Stop-Oscillator Mode 

When the 82C85 Is stopped while In the crystal mode (F/C 
LOW), the oscillator, in addition to all system clock signals 
(CLK, CLK50 and PCLK), are stopped. CLK and CLK50 stop 
in the high state. PCLK stops in it’s current state (high or low). 

With the oscillator stopped, 82C85 power drops to it’s lowest 
level. All clocks and oscillators are stopped. All devices in 
the system which are driven by the 82C85 go into the lowest 
power standby mode. The 82C85 also goes into standby and 
requires a power supply current of less than 100 microamps. 

Stop-Clock Mode 

When the 82C85 is in the EFI mode (F/C HIGH) and a STOP 
command is issued, all system clock signals (CLK, CLK50, 
and PCLK) are stopped. CLK and CLK50 stop In the high 
state when F/C is low and may stop in either the high or low 
state when F/C Is high. PCLK stops In its current state (high 
or low). 

The 82C85 can also provide it’s own EFI source sim^y by 
connecting the OSC output to the EFI input and pulling 
F/C input HIGH. This puts the 82C85 into the Externsit 
Frequency Mode using It’s own oscillator as an external 
source signal (See Figure 2). In this configuration, when the 
82C85 is stopped in the EFI mode, the oscillator continues to 
run. Only the clocks to the CPU and peripherals (CLK, 
CLK50 and PCLK) are stopped. 


Oscillator/Clock Stop Operation 

Three control lines determine when the 82C85 clock o utputs 
or oscillator will stop. These are SO, SI and S2/STOP. These 
three lines are designed to connect directly to the MAXimum 
mode 80C86 and 80C88 status lines or to be driven by 
external I/O signals (such as an 82C55A output port). 

In the MAXimum mode configuration, the 82C85 will 
automatically recognize a software HALT command from the 
80C86 or 80C88 and stop the system clo cks or oscillator. 
This allows complete software control of the STOP function. 

If the 80C86 or 80C88 is used in the MINim um mode, the 
82C85 can be controlled using the S2/STOP input (with SO 
and SI held high). This can be done using an external I/O 
control line, such as from an 82C55A or by decoding the 
state of the 80C86 MINimum mode status signals. 

82C85 status inputs S2/STOP, S1, SO are sampled on the 
rising edge of CLK. The oscillator (F/C LOW only) and clock 
outputs are stopped by S2/STOP, SI, SO being in the LHH 
state on a low-to-high transition of CLK. This LHH state must 
follow a passive HHH state ocurring on the previous low-to- 
high CLK transition. CLK and CLK50 will stop in the logic 
HIGH state after two additional complete cycles of CLK. 
PCLK stops In It’s current state (HIGH or LOW). This is true 
for both SLOW and FAST mode operation. 

80C86/88 Maximum Mode Clock Control 

The 82C85 STOP function has been optimized for 80C86/ 
88 MAXimum mode operation. In this mode, the three 
82C85 status Inputs (S2/STOP, SI, SO) are connected 
directly to the MAXimum mode status lines (S2, SI, SO) of 
the Harris 80C86 or 80C88 static CMOS microprocessors 
(See Figure 3). 

When in the MAXimum mode, the 80C86/88 status lines 
identify which t ype of bu s cycle the CPU is starting to 
execute. 82C85 S2/STOP, SI and SO control input logic will 
recognize a valid MAXimum mode software HALT executed 
by the 80C86 or 80C88. Once this state has been 
recognized, Jhe 82C85 stops the clock (F/C HIGH) and 
oscillator (F/C LOW) operation. 




FIGURE 2. STOP-CLOCK MODE USING 82C85 IN EFI MODE 
WITH OSCILLATOR AS FREQUENCY SOURCE 


FIGURE 3. 82C85 STOP CONTROL USING 80C86/88 MAXIMUM 
MODE STATUS LINES 
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The 82C85 S2/ST0P, S1 and SO control lines were designed 
to detect a passive 111 state followed by a HALT 011 logic 
state before recognizing the HALT instruction and stopping 
the system clocks. In the MAXimum mode, the 80C86/88 
status lines go into a passive (no bus cycle) logic 111 state 
prior to executing a HALT instruction. The qualification of a 
passive no bus cycle logic 111 state insures that random 
transitions of the status lines into a logic 011 state will not 
stop the system clock. This is necessary since the status 
lines of the 80C86/88 transition through an unknown state 
during T3 of the bus cycle. 

Once the HALT instruction is decoded by the 82C85, £ither 
the oscillator is stopped (STOP-OSCILLATOR mode F/C tied 
low ) or the external frequency source is gated off internally 
(STOP-CLOCK mode F/C_HIGH). When the HALT 
instruction is decoded with F/C low, the CLK and CLK50 will 
be stopped in a logic high state after 2 additional cycles of 
the clock. PCLK stops in it’s current state (high or low). This 
is true for both SLOW and FAST mode operation. The HALT 
instruction is detected in the same manner whether the 
82C85 is in the SLOW or FAST mode. 

Independent Stop Control for Minimum Mode Operation 

When the 80C86 and 80C88 microprocessors are 
configured in MINimum Mode (MN/MX pin tied high), their 
status lines SO, SI, and S2 assume alternate functions. The 
logic states and sequences (passive before a HALT) 
necessary for automatic HALT detect in the 82C85 do not 
occur as in the MAXimum mode. The 82C85 controller 
cannot use the microprocessor status lines to detect a 
software Halt instruction when operating in MINimum mode. 

However, the negative edge-activated'S2/STOP pin provides 
a simple means for cloc k control i n MINimum mode 80C86 
and 80C88 syste ms. S2/STOP can be used as an 
independent STOP control when SI and SO are held in the 
logical HIGH state. Kee ping the S O and SI inputs at a logic 1 
level and transitioning S2/STOP from high to low will meet 
the passive 111 state prior to a 011 state requirement of the 
82C85. This feature allows 82C85 operation with the 80C86 
and 80C88 in the MINimum mode, provides compatibility 
with other static CMOS microprocessors and allows 
maximum flexibility in a system. 

With S2/STOP being used as a stand-alone STOP 
command line, system clocks can be controlled via an 
82C55A programmable peripheral interface or other similar 
interfa ce circuits. This is accomplished by driving the S2/ 
STOP input with a PORT pin on the 82C55A (See Figure 1). 
The 82Q55A port pin should be c onfigured as an output and 
must present a logic HIGH to the S2/STOP Input for at least 
one CLK cycle, followed by a LOW state. This will meet the 
82C85 status input requirement of 111 followed by a 011. 

When a logic 0 is written to a 82C55A port pin, the S2/ STOP 
pin is pulled low, stopping the system clocks (CLK, CLK50, 
PCLK). In essence, t he 82 C85 is software controlled via the 
82C55A. As with the SLO/FST interface, PORT C is a logical 
choice for this job since the individual bit set and reset 
comm ands available for this port make control of the S2/ 
STOP input simple. 


A STA RT command issued to the 82C85 will override a 
STOP command and the 82C85 will begin n ormal oper ation. 
The low state of the negative-edge triggered S2/STOP input 
will n ot prohibit the clocks from restarting. After a START or 
RES command, the 82C85 must see a passive (111) state 
followed by a HALT (011) state to stop the system clocks. To 
accomplish this, the 82C55A port output must be brought 
high an d then r eturned low again for the 82C85 to recognize 
the next STOP command. 

External Decode Adds Halt Control 

SSO, lO/M and DT/R can identify a MINimum mode 80C88 
HALT execution. During T2 c^the system timing (while ALE 
Is high), SSO, lO/M, and DT/R go into alii state when the 
80C88 is executing a software HALT. These signals cannot 
be tied directly to the S2/STOP, SI and SO inputs since they 
are not guaranteed to go into a passive state prior to their 
111 state. These signals can be decoded during the time 
ALE is high to indicate a software HALT execution. 

Slow Mode 

When continuous operation is critical but power consumption 
remains a concern, the 82C85 SLOW mode operation 
provides a lower frequency at the CLK and CLK50 outputs 
(crystal/EFI frequency divided by 768). The frequency of 
PCLK is unaffected. The SLOW mode allows the CPU and 
the system to operate at a reduced rate which, in turn, 
reduces system power. 

For example, the operating power for the 80C86 or 80C88 
CPU is 10 mA/MHz of clock frequency. When the SLOW 
mode Is used in a typical 5MHz system, CLK and CLK50 run 
at approximately 20kHz. At this reduced frequency, the 
average operating current of the CPU drops to 200 
microamps. Adding the 80C86/88 500 microamps standby 
current brings the total current to 700 microamps. 

While the CPU and peripherals run slower and the 82C85 
CLK and CLK50 outputs switch at a reduced frequency, the 
main 82C85 oscillator is still running at the maximum 
frequency (determined by the crystal or EFI input frequency.) 
Since CMOS power is directly related to operating 
frequency, 82C85 power supply current will typically be 
reduced by 15-20%. 

Clock Siow/Fast Operation 

The SLO/FST input determines whether the CLK and CLK50 
outputs run at full speed (crystal or EFI frequency divided by 
3) or at slow speed (crystal or EFI frequency divided by 768) 
(See Figure 4). When in the SLOW mode, 82C85 stop-clock 
and stop-oscillator functions operate In the same manner as 
in the FAST mode. 

Internal logic requires that the SLO/FST pin be held low for 
at least 195 oscillator or EFI clock pulses before the SLOW 
mode command is recognized. This requirement eliminates 
unwanted FAST-to-SLOW mode frequency changes which 
could be caused by glitches or noise spikes. 

To guarantee FAST mode recognition, the SLO/FST pin 
must be held high for at least 6 OSC or EFI pulses. The 
82C85 will begin FAST mode operation on the next PCLK 
edge after FAST command recognition. Proper CLK and 
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CLK 50 phase relationships are maintained and minimum 
pulse width specifications are met. 

FAST-to-SLOW or SLOW-to-FAST mode changes will occur 
on the next rising or falling edge of PCLK. It is important to 
remember that the transition time for operating freqeuncy 
changes, which are dependent upon PCLK, will vary with the 
82C85 oscillator or EFI frequency. 

Slow Mode Control 

The 82C55A programma ble pe ripheral interface can be used 
to provide control of the SLO/FS T pin by connecting a port 
pin of the 82C55A directly to the SLO/FST pin (See Figure 
1). With the port pin configured as an output, software 
control of the SLO/FST pin is provided by simply writing a 
logical one (FAST mode) or logical zero (SLOW Mode) to the 
corresponding port. PORT C is well-suited for this function 
due to it’s bit set and reset capabilities. Since PCLK 
continues to run at a frequency equal to the oscillator or EFI 
frequency divided by 6, it can be used by other devices in the 
system which need a fixed high frequency clock. For 
example, PCLK could be used to clock an 82C54 
programmable Interval timer to produce a real-time clock for 
the system or as a baud rate generator to maintain serial 
data communications during SLOW mode operation. 


The oscillator circuit of the 82C85 is designed primarily for 
use with an external parallel resonant, fundamental mode 
crystal from which the basic operating frequency is derived. 
The crystal frequency should be selected at three times the 
required CPU clock. X1 and X2 are the two crystal Input 
connections. The output of the oscillator is buffered and 
available at the OSC output (pin 18) for generation of other 
system timing signals. 

For the most stable operation of the oscillator (OSC) output 
circuit, two capacitors (C1 = C2) are recommended. 
Capacitors C1 and C2 are chosen such that their combined 
capacitance matches the load capacitance as specified by 
the crystal manufacturer. This Insures operation within the 
frequency tolerance specified by the crystal manufacturer. 


The crystal/capacitor configuration and the formula used to 
determine the capacitor values are shown in Figure 5. Crys¬ 
tal Specifications are shown in Table 3. 

C1 •C2 

CT = - (Including stray capacitance) 


CRYSTAL I-1 

2 4 - 25MHz I-1 



FIGURE 5. 82C85 CRYSTAL CONNECTION 


TABLE 3. CRYSTAL SPECIFICATIONS 


PARAMETER 

Frequency 
Type of Operation 
Load Capacitance 
RSERIES (Max) 


TYPICAL CRYSTAL 
SPECIFICATION 

2.4 to 25MHz 

Parallel Resonent, Fund. Mode 
20 or 32pF 

35X (f = 25MHz, Cl = 32pF) 
66X (f = 25MHz, Cl = 20pF) 


Frequency Source Selection 

The F/C Input is a strapping pin that selects either the crystal 
oscillator or the EFI input as the source frequency for clock 
generation. If the EFI input is selected as the source, the 
oscillator section (OSC output) can be used Independently 
for another clock source. If a crystal is not used, then crystal 
input X1 (pin 23) must be tied to Vcc or GND and X2 (pin 22) 
should be left open. If the EFI mode is not used, then EFI 
(pin 20) should be tied to Vcc or GND. 




FIGURE 4. SLO/FST TIMING OVERVIEW 
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Clock Generator 

The clock generator consists of two synchronous divide-by- 
three counters with special clear inputs that inhibit the 
counting. One counter generates a 33% duty cycle 
waveform (CLK) and the other generates a 50% duty cycle 
waveform (CLK50). These two counters are negative-edge 
synchronized, with the low-going transitions of both 
waveforms occurring on the same oscillator transition. The 
CLK and CLK50 outp ut freq uencies are one-third of the base 
input frequency when SLO/FST is high an d are equal to the 
base Input frequency divided by 768 when SLO/FST is low. 

The CLK output is a 33% duty cycle clock signal designed to 
drive the 80C86 and 80C88 microprocessors directly. CLK50 
has a 50% duty cycle output synchronous with CLK, 
designed to drive coprocessor s and peripherals requiring a 
50% duty cycle clock. When SLO/FST is high, CLK and 
CLK50 have outp ut frequencies which are 1/3 that of EFI/ 
OSC. When SLO/FST is low, CLK and CLK50 have output 
frequencies which are OSC (EFI) divided by 768. 

PCLK Is a peripheral clock signal with an output frequency 
equal to the oscillator or EFI frequency divided b y 6. P CLK 
has a 50% duty cycle. PCLK Is unaffec ted by SLO/FST 
When the 82C85 Is placed In the STOP mode, PCLK will 
remain in It’s current state (logic high or logic low) until a 
RESET or START command restarts the 82C85 clock 
circuitry. PCLK is negative-edge synchronized with CLK and 
CLK50. 

Clock Synchronization 

The clock synchronization (CSYNC) Input allows the output 
clocks to be synchronized with an external event (such as 
another 82C85 or 82C84A clock signal). CSYNC going 
active causes all clocks (CLK, CLK50 and PCLK) to stop in 
the HIGH state. 

It is necessary to synchronize the CSYNC input to the EFI 
clock external to the 82C85. This is accomplished with two 
flip-flops when synchronizing two 82C85s and with three 
flip-flops when synchronizing an 82C85 to an 82C84A 
(See Figure 6). Multiple external flip-flops are necessary to 
minimize the occurence of metastable (or indeterminate) 
states. 

Ready Synchronization 

Two READY inputs (RDY1, RDY2) are provided to 
accommodate two s ystem busse s. Each READY inp ut is 
qualified by (AEN1 and AEN2, respectively). The AEN 
signals validate their respective RDY signals. 


Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the RDY 
set up and hold times are met. Inactive-going edges of RDY 
in normally ready systems do not require synchronization 
but must satisfy RDY setup and hold as a matter of proper 
system design. 

The ASYNC input defines tw o mode s of READY 
synchronization operation. When ASYNC is LOW, two 
stages of synchronization are provided for active READY 
input signals. Positive-going asynchronous READY inputs 
will first be synchronized to flip-flop one at the rising edge of 
CLK (requiring a setup time TR1VCH) and then 
synchronized to flip-flop two at the next falling edge of CLK, 
after which time the READY output will go HIGH. 

Negative-going asynchronous READY inputs will be 
synchronized directly to flip-flop two at the falling edge of 
CLK, after which time the READY output will go inactive. 
This mode of operation is intended for use by asynchronous 
(normally not ready) devices in the system which cannot be 
guaranteed by design to meet the required RDY setup timing 
(TR1VCL) on each bus cycle. 

When ASYNC Is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. READY 
inputs are synchronized by flip-flop two on the faling edge of 
CLK before they are presented to the processor. This mode 
is available for synchronous devices that c an be gu aranteed 
to meet the required RDY setup time. ASYNC can be 
changed on every bus cycle to select the appropriate mode 
of synchronization for each device in the system. 


CSYNC WITH 82C85ISI 



FIGURE 6. 82C85 AND 82C84A CSYNC SYNCHRONIZATION 
METHODS 





Specifications 82C85 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+8.0V Thermal Resistance 


Input, Output or I/O Voltage.GND-0.5V to Vcc+0-5V 

Storage Temperature Range.-65®C to +150°C 


Ceramic DIP Package. 53°C/W 

Ceramic LCC Package. 61°C/W 


Junction Temperature.+175°C Maximum Package Power Dissipation at +125°C 


Lead Temperature (Soldering 10s).+300°C 

ESD Classification.Class 1 


Ceramic DIP Package. 
Ceramic LCC Package 


Gate Count.500 Gates 


CAUTION Stresses above those listed in “Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.... 


+4.5V to +5.5V Operating Temperature Range 

C82C85.0°Cto+70®C 

I82C85.-40°Cto+85°C 

M82C85.-55°Cto+125°C 


DC Eiectrical Specifications Vcc = s.ov io%; Ta = o°c to + 70 °c (C82C85); 

Ta = -40°C to +85°C (I82C85); 
Ta = -55°C to +125°C {M82C85) 


SYMBOL PARAMETER 


V|H Logical One Input Voltage 


Reset Input High Voltage 


Logical Zero Input Voltage 


Vj+ - Vj I Reset Input Hysteresis 


Logical One Output Voltage 


Logical Zero Output Voltage 


Input Leakage Current 


Bus-hold High Leakage Current 


Standby Power Supply Current 


Operating Power Supply Current 


ICCSLOW Slow Mode Operating Current 


NOTE; 1. For CSYNC, V,, = GND 


TEST CONDITIONS 






-200 

pA 

100 

pA 

50 

mA 

70 

mA 

40 

mA Crystal 
Freq= 15MHz 

60 

mA Crystal 

Freq = 25MHz 


OH = -5.0 mA (CLK, CLK50) 

OH =-1.0mA {X2) 

OH = -2.5mA (all other outputs) 


OL = +2.5mA (X2) 

OL = +5.0mA (all other outputs) 


V|N = Vcc o*" GND, except DIP 
Pins 11 -15,21,23 


V|n = 3.0V; Pins 11 -15,21 


82C85 In HALT state with oscillator 
stopped 


Crystal Frequency = 15 MHz, outputs 
open, inputs = GND or Vqc 


Crystal Frequency = 25 MHz, outputs 
open, inputs = GND or Vqc 


Outputs Open; SLO/FST = GND, 
START = Vcc. Other Inputs - V|h = 
Vcc or GND 


Capacitance Ta = 25 °c 


SYMBOL 

PARAMETER 

TYPICAL 

UNITS 

C|N 

Input Capacitance 

15 

PF 

Cqut 

Output Capacitance 

20 

PF 


TEST CONDITIONS 


FREQ = 1 MHz, all measurements are referenced to device 
GND 
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AC Electrical Specifications Vcc = 5V ±1 o%; = o°c to+70°c (C82C85); 

Ta = -55°C to +125®C (M82C85) 


LIMITS 

PARAMETER MIN 


TIMING REQUIREMENTS 


External Frequency HIGH Time 


EFI or Crystal Period 


External Frequency Input Duty Cycle 


Crystal Frequency 


RDY1, RDY2 Active Setup to CLK 


RDY1. RDY2 Active Setup to CLK 


RDY1, RDY2 Inactive Setup to CLK 


RDY1,RDY2 Hold to CLK 


ASYNC Setup to CLK 


ASYNC Hold to CLK 


= -40°C to +85°C (I82C85); 


(1) 

TEHEL 

(2) 

TELEH 

(3) 

TELEL 

(4) 

TEFIDC 

(5) 

Fx 

(6) 

TR1VCL 

(7) 

TR1VCH 

(8) 

TR1VCL 

(9) 

TCLR1X 

(10) 

TAYVCL 

(11) 

TCUYX 

(12) 

TA1VR1V 

(13) 

TCLA1X 

(14) 

TYHEH 

(15) 

TEHYL 

(16) 

TYHYL 

(17) 

TI1HCL 

(18) 

TSVCH 

(19) 

TCHSV 

(20) 

TRSVCH 

(21) 

TSHSL 

(22) 

TSFPC 

(23) 

TSTART 

(24) 

TSTOP 

TIMING RESPONSE! 

(25) 

TCLCL 

(26) 

TCHCL 

(27) 

TCLCH 

00 

T5CHCL 

(29) 

T5CLCH 

(30) 

TCH1CH2 

(31) 

TCL2CL1 

(32) 

TPHPL 

(33) 

TPLPH 

(34) 

TRYLCL 




AEN1,AEN2 Hold to CLK 


CSYNC Setup to EFI 


CSYNC Hold to EFI 


CSYNC Pulse Width 



SLO/FST Setup to PCLK 



35 


35 


35 


0 


50 


0 


15 


0 


10 


10 


2TELEL 


65 


35 


35 


65 


TCLCLS3 


TEHEL + 100 


2TELEL + 2 


3TCHCH 
+ 34 


TCHCH = TCLCL 



CLK/CLK50 Cycle Period 


CLK HIGH Time 


CLK LOW Time 


CLK50 HIGH Time 


CLK50 LOW Time 


125 


(1/3TCLCL)+2 


(2/3TCLCL)-15 


(1/2TCLCL)-7.5 


(1/2 TCLCL)-7.5 



CLK/CLK50 Fall Time 


PCLK HIGH Time 


PCLK LOW Time 


Ready Inactive to CLK 


TCLCL-20 


TCLCL-20 


-8 
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AC Electrical Specifications Vcc = 5V ±1 o%; = o°c to-»-70°c (C82C85); = -40°c to +85°c (i82C85); 

Ta = -55°C to +125°C (M82C85) (Continued) 


(35) 

TRYHCH 

(36) 

TCLIL 

(37) 

TCLPH 

(38) 

TCLPL 

(39) 

TOST 

(40) 

TOLOH 

(41) 

TOHOL 

(42) 

TRST 

(43) 

TCLC50L 


PARAMETER 


Ready Active to CLK 


CLK to Reset Delay 


CLKtoPCLK HIGH Delay 


CLK to PCLK LOW Delay 


Start/Reset Valid to Clock LOW 


Output Rise Time (except CLK) 


Output Fall Time (except CLK) 


RESET output HIGH Time 


CLK LOW to CLK50 LOW Skew 


LIMITS 


MIN 


2/3(TCLCL)-15 


CONDITIONS 


Note 3 



Typ. - Note 8 


From 0.8V to 2.0V 


From 2.0V to 0.8V 



1. Slow and Fast Modes. 

2. Setup and hold necessary only to guarantee recognition at next 
clock. 

3. Applies only to T3, TW states. 

4. Applies only to T2 states. 

5. All timing delays are measured at 1.5 volts unless otherwise 
noted. 


6. Input signals must switch between V|l max - 0.4 and V|n min + 
0.4 volts 

7. Timing measurements made with EFI duty cycle = 50%. 

8. Oscillator start up time depends on several factors including 
crystal frequency, crystal manufacturer, capacitive load, 
temperature, power supply voltage, etc. This parameter is given 
for information only. 

9. Output signals switch between VoH and VoL unless otherwise 
specified. 
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Timing Waveforms 

WAVEFORMS FOR CLOCKS 



NOTE: All Timing Mesurements are made at 1.5 Volts Unless Otherwise Noted 


WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 










82C85 


Timing Waveforms (continued) 


WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 
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Timing Waveforms (Continued) 

H (21) I^tSHSL 


CLOCK START (F/C LOW) 


I CRYSTAL 

h— OSCILLATOR -8192 CYCLES- 

STARTUP TIME 


NOTE: Start up count begins when the crystal oscillator reaches a suitable threshold level. 

RESET TIMING (CLK RUNNING WITH F/C LOW-OSC MODE) 

(CLK RUNNING-OR STOPPED WITH F/C HIGH EFI MODE) 

=2. /C=~ *--7- 

HiTT'- ^ S - « - ' 

I I 

TMHCL TMHnL-—I |— 


RESET TIMING (OSCILLATOR STOPPED, F/C LOW) 


RES- 

(21)TSHSL 



OSCILLATOR 

STARTUP 

TIME 





NOTE: 1. CLK, CLK50, PCLK Remain in the High State until RES goes high an d 819 2 valid oscillator cycles have 
been registered by the 82C85 internal counter (TOST time period). After RES goes high and CLK, CLK50, 
PCLK become active, the RESET output will remain high for minimum of 16 CLK cycles (TRST) 


4-294 





82085 


Timing Waveforms (Continued) 


SLO/FST TIMING OVERVIEW 


: JTJleATLmiJlJ'lJlJlJl^^ 


NOTE: See Fast to Slow Clock Mode Transition for Detailed Timing 
See Slow to Fast Clock Mode Transition for Detailed Timing 


FAST TO SLOW CLOCK MODE TRANSITION 

I 197 TO 200 EFI I 

U OR OSC CYCLES <4 


_I I_ 

'lNh 


SLOW TO FAST CLOCK MODE TRANSITION 


jiniirniruuum; iiinjwuinjwumnju^ 


-H N k.: 


* IF TSFPC is not met on one edge of PICK. SLO/FST will be recognized on the next edge of PLCK. 
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Test Load Circuits 

PASSIVE LOAD 


FROM OUTPUT 
UNDER TEST 


CL 

SEE NOTE 3 


DYNAMIC LOAD 
V 


FROM OUTPUT 
UNDER TEST 


CL 

SEE NOTE 3 


R = 360 @ V = 2.25 for CLK and CLK50 outputs 
R = 470 @ V s 2.87 for ail other outputs (Except X2) 


Iql = 5mA, lOH ss -5mA for CLK and CLK50 outputs 
Iql = 5mA, lOH = -2.5mA for all other outputs (Except X2) 
Iql = 2.5mA, lOH = -1.0mA for X2 output 

(DC Performance characteristic only) 

Vtrip-1.4V 


NOTES: 1. Cl = 10OpF for CLK and CLK50 output 

2. Cl = 50pF minimum for ail other outputs 

3. Cl = includes probe and jig capacitance 


TCHCL, TCLCH LOAD CIRCUIT (USING XI, X2) 


, 1—1 I I (SEE Noil 

-^X2 


TCHCL, TCLCH LOAD CIRCUIT (USING EFI) 


LOAD 

(SEE NOTE1) 


PULSE 

GENERATOR 


LOAD 

(SEE NOTE1) 


LOAD 

(SEE NOTE1) 


LOAD 

(SEE NOTE1) 


TRYLCL, TRYHCH LOAD CIRCUIT (USING XI, X2) 

Vcc _ 

I AEN1 CLK I (SEE NOTE 1) 


LOAD 

(SEE NOTE 2) 


TRYLCL, TRYHCH LOAD CIRCUIT (USING EFI) 


PULSE 

ftCKlCDATnO 


AEN1 


CLK 

XI 


READY f 

X2 











PULSE , 



_ LOAD 

GENERATOR ] 

EFI 

CLK 

(SEE NOTE1) 


TRIGGER 

PULSE 

GENERATOR 


RDY2 I I (SEE N0TE~ 



A.C. Testing input, Output Waveform 


INPUT 

OUTPUT 

V|H + 0.4V 

VoH 



V,L + 0.4V 

VoL 
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Metallization Topology 

DIE DIMENSIONS: 

107.9X 122.0 x19±1mils 

METALLIZATION: 

Type: Si - At 
Thickness: 11 kA ± 1 kA 

GLASSIVATION: 

Type: SiOg 

Thickness: 8kA ± IkA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 

2.26X 10® A/cm^ 

This device meets glassivation integrity test requirements per 
MIL-STD-883 Method 2021 and MIL-M-38510, Paragraph 
3.5.5.4. 


Metallization Mask Layout 


82C85 


[U)Y 1 

RHADY 

nov? 

AEN? 

CLK 

GND 



ASYNC 

EFI 

F/C 

osc 


RESET 















































































SEMICONDUCTOR 


82C86H 



Features 

• Full Eight Bit Bi-directional Bus Interface 

• Industry Standard 8286 Compatible Pinout 

• High Drive Capability 

- BSidelOL.20mA 

- A Side lOL.12mA 

• Three-State Outputs 

• Propagation Delay.35ns Max. 

• Gated Inputs 

- Reduce Operating Power 

- Eliminate the Need for Pull-Up Resistors 

• Single 5V Power Supply 

• Low Power Operation.ICCSB = lO^A 

• Operating Temperature Range 

- C82C86H.0®Cto+70®C 

- I82C86H.-40®Cto+85®C 

- M82C86H.-55°Cto+125°C 


Description 

The Harris 82C86H is a high performance CMOS Octal Trans¬ 
ceiver manufactured using a self-aligned silicon gate CMOS pro¬ 
cess (Scaled SAJI IV). The 82C86H provides a full eight-bit bi¬ 
directional bus interface in a 20 pin package. The Transmit (T) con- 
trol determines the data direction. The active low output enable 
(OE) permits simple interface to the 80C86, 80C88 and other 
microprocessors. The 82C86H has gated inputs, eliminating the 
need for pull-up/pull-down resistors and reducing overall system 
operating power dissipation. 

Ordering information 


PACKAGE 

Plastic DIP 


TEMPERATURE 

RANGE 

0°C to +70°C 
-40°Cto+85°C 
0°C to +70°C 
-40°C to +85°C 
0°C to +70°C 
-40°C to +85°C 


5MHz 

CP82C86H-5 

IP82C86H-5 

CS82C86H-5 

IS82C86H-5 

CD82C86H-5 

ID82C86H-5 


8MHz 

CP82C86H 

IP82C86H 

CS82C86H 

IS82C86H 

CD82C86H 

ID82C86H 


SMD# 

Icc 

SMD# 


-55°C to +125°C MD82C86H-5/B 

5962-8757701RA 

-55°C to +125°C MR82C86H-5/B 

5962-87577012A 




PIN 

DESCRIP1 

riON 

Ao-Ay 

Local Bus Data i 

to Pins 

Bo-By 

System Bus Dats 

i I/O Pins 

T 

Transmit Control 

Input 

OE 

Active Low Outp 

ut Enable 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


File Number 2977 
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Functional Diagram 


TTl __ 1 




iB£i 

aT]- 

4--I--0 

A2|- 

H 

^ K-h ► 

^ - 

-1 1-[bsI 

3-: 

1 L-e 

1 . 

S-- 

A -L-Hi 


4 F”' * 1 

H 1- {b6\ 

-J L_ » ‘ 

[ifi-: 

1 -!=-ri^ 


ground power supply pins by turning off the upper P-channel 
and lower N-channel (See Figures 1 and 2). No current flow 
from VCC to GND occurs during input transitions and invalid 
logic states from floating inputs are not transmitted. The next 
stage is held to a valid logic level internal to the device. 

D.C. input voltage levels can also cause an increase In ICC if 
these input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input 
circuitry in its linear operating region (partially conducting 
state). The 82C8X series gated Inputs mean that this 
condition will occur only during the time the device is in the 
transparent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of lOpA during the time 
inputs are disabled, thereby greatly reducing the average 
power dissipation of the 82C8X series devices. 



Gated Inputs 

During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated Input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input 
switching threshold. Additionally, if the driving signal 
becomes high impedance (“float” condition), it could create 
an indeterminate logic state at the Inputs and cause a 
disruption in device operation. 

The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data Is latched 
(STB = logic zero for the 82C82/83H) and when the device is 
disabled (OE = logic one for the 82C86H/87H). These gated 
inputs disconnect the Input circuitry from the VCC and 


Decoupling Capacitors 

The transient current required to charge and discharge the 
300pF load capacitance specified In the 82C86H/87H data 
sheet is determined by 

I = CL (dv/dt) 

Assuming that all outputs change state at the same time and 
that dv/dt is constant; 

(VCC X 80%) 

l = CL --^ 

tR/tF 

where tR = 20ns, VCC = 5.0V, CL = 300pF on each eight 
outputs. 

I = (8 X 300 X 10-’2) X (5.0V X 0.8)/(20 x 10'®) 


This current spike may cause a large negative voltage spike 
on VCC which could cause improper operation of the device. 
To filter out this noise, it is recommended that a 0.1 pF 
ceramic disc capacitor be placed between VCC and GND at 
each device, with placement being as near to the device as 
possible. 



INTERNAL 

DATA 



INTERNAL 

DATA 


FIGURE 1. 82C82/83H 


FIGURE 2. 82C86H/87H GATED INPUTS 
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Specifications 82C86H 


Absolute Maximum Ratings Reliability Information 

Supply Voltage.+8.0V Thermal Resistance 0ja 0jc 

Input, Output or I/O Voltage.GND<0.5V to Vcc+0.5V Ceramic DlP Package. 70°C/W 15°C/W 

Storage Temperature Range.-65°C to +150°C Ceramic LCC Package. 76°C/W 19°C/W 

Junction Temperature..+175°C Maximum Package Power Dissipation at +125®C 


Lead Temperature (Soldering 10s).+300°C Ceramic DIP Package.720mW 

ESD Classification.Class 1 Ceramic LCC Package.664mW 

Gate Count.265 Gates 

CAUTION: Stresses above those listed In “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Operating Temperature Range 

C82C86H.0°Cto+70°C 

I82C86H.-40°Cto+85°C 

M82C86H.-55°Cto+125°C 


DC Electrical Specifications vcc = 5.ov ± io%; Ta =* o°c to +70°c (C 82 C 86 H); 

Ta = -40°C to +85°C (I82C86H); 
Ta = -55°Cto+125°C(M82C86H) 





PARAMETER 


Logical One 
Input Voltage 


Logical Zero Input Voltage 


Logical One Output Voltage 
B Outputs 
A Outputs 
A or B Outputs 


Logical Zero Output Voltage 
B Outputs 
A Outputs 


Input Leakage Current 


Output Leakage Current 


Standby Power Supply 
Current 


Operating Power Supply 
Current 


TEST CONDITIONS 



VIN = GND or VCC DIP Pins 9.11 


VO = GND or VCC. OE > VCC -0.5V 
DIP Pins 1 -8,12-19 


VIN = VCC or GND, VCC = 5.5V, Outputs Open 


A = +25°C, Typical (See Note 2) 


1. VIH is measured by applying a pulse of magnitude = VIHmin to 
one data input at a time and checking the corresponding device 
output f or a valid logical “1" during valid input high time. Control 
pins (T, OE) are tested separately with all device data input pins 
at VCC -0.4 


2. Typical ICCOP = 1 mA/MHz of read/ cycle time. (Example: 1 .Ops 
read/write cycle time = 1 mA). 


Capacitance Ta = +25°c 



Input Capacitance 



TEST CONDITIONS 


Freq = 1MHz, all measurements are 
referenced to device GND 
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Specifications 82C86H 


AC Electrical Specifications vcc = 5.ov±io%; o^c to +70®c (C 82 C 86 H); 

Freq = 1MHz Ta = -40°C to +85®C (I82C86H); 

Ta = -55°Cto+125°C(M82C86H) 


SYMBOL 

PARAMETER 

MIN 

NOTE 4 

UNITS 

TEST CONDITIONS 

82C86H 

MAX 

82C86H-5 

MAX 

(1) 

TIVOV 

Input to Output Delay 





Notes 1,2 



Inverting 

5 

30 

35 

ns 




Non-Inverting 

5 

32 

35 

ns 


(2) 

TEHTV 

Transmit/Receive Hold Time 

5 

- 

- 

ns 

Notes 1,2 

(3) 

TTVEL 

Transmit/Receive Setup Time 

10 

- 

- 

ns 

Notes 1,2 

(4) 

TEHOZ 

Output Disable Time 

5 

30 

35 

ns 

Notes 1,2 

(5) 

TELOV 

Output Enable Time 

10 

50 

65 

ns 

Notes 1,2 

(6) 

TR,TF 

Input Rise/Fall Times 

- 

20 

20 

ns 

Notes 1,2 

(7) 

TEHEL 

Minimum Output Enable High Time 





Note 3 



82C86H 

30 

- 

- 

ns 




82C86H-5 

35 

- 

- 

ns 



NOTES; 


1. All AC parameters tested as per test circuits and definitions in tim¬ 
ing waveforms and test load circuits, input rise and fall times are 
driven at InsA^. 

2. Input test signals must switch between VIL - 0.4V and VIH +0.4V. 

3. A system limitation only when changing direction. Not a mea¬ 
sured parameter. 


4. 82C86H is available in commercial and industrial temperature 
ranges only. 82C86H-5 is available in commercial, industrial and 
military temperature ranges. 

























































82C86H 


Test Load Circuits 


A SIDE OUTPUTS 


TIVOV 

LOAD CIRCUIT 


TELOV 

OUTPUT HIGH ENABLE 
LOAD CIRCUIT 


TELOV 

OUTPUT LOW ENABLE 
LOAD CIRCUIT 


TEHOZ 

OUTPUT LOW/HIGH DISABLE 
LOAD CIRCUIT 


B SIDE OUTPUTS 


TIVOV 

LOAD CIRCUIT 


TELOV 

OUTPUT HIGH ENABLE 
LOAD CIRCUIT 


TELOV 

OUTPUT LOW ENABLE 
LOAD CIRCUIT 


TEHOZ 

OUTPUT LOW/HIGH DISABLE 
LOAD CIRCUIT 



^Includes jig and stray capacitance 
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82C86H 



R4 R4 R5 R5 


FO V/ FI F3 F3 


NOTES: 

VCC * 5.5V ± 0.5V, GND = OV 
VIH = 4.5V±10% 

VIL=:-0.2Vto 0.4V 
R1 * 47kQ ± 5% 

R2 = 2.4kO±5% 

R3 = 1.5kn±5% 
R4=1kft±5% 

R5 = 5kQ ± 5% 

Cl = 0.01 minimum 
FO = 100kHz ± 10% 

FI = FO/2, F2 = FI/2, F3 = F2/2 
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82C86H 


Metallization Topology 

DIE DIMENSIONS: 

138.6 X 155.5 X 19 ±1mils 

METALLIZATION: 

Type: Si - Al 
Thickness: 11 kA ± 1 kA 

GLASSIVATION: 

Type; SiOj 

Thickness: 8kA ± 1 kA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 

1.47X 10® A/cm^ 


Metallization Mask Layout 


A2 A1 


82C86H 

AO VCC 


BO B1 
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82C87H 


February 1992 


Features 

• Full Eight Bit Bi-directional Bus Interface 

• Industry Standard 8287 Compatible Pinout 

• High Drive Capability: 

- BSIdelOL.20mA 

- ASidelOL.12mA 

• Three-State Inverting Outputs 

• Propagation Delay.35ns Max. 

• Gated Inputs: 

- Reduce Operating Power 

- Eliminate the Need for Pull-Up Resistors 

• Single 5V Power Supply 

• Low Power Operation.ICCSB = lO^A 

• Operating Temperature Range 

- C82C87H.0°Cto+70®C 

- I82C87H.-40°Cto+85®C 

- M82C87H.-55®C to +125®C 


CMOS Octal Inverting Bus Transceiver 


Description 

The Harris 82C87H is a high performance CMOS Octal Transceiver 
manufactured using a self-aligned silicon gate CMOS process 
(Scaled SAJI IV). The 82C87H provides a full eight-bit bi-directional 
bus interface in a 20 pin package. The Transmit (T) control deter¬ 
mines the data direction. The active low output enable (OE) permits 
simple Interface to the 80C86, 80C88 and other microprocessors. 
The 82C87H has gated inputs, eliminating the need for pull-up/pull¬ 
down resistors and reducing overall system operating power dissi¬ 
pation. The 82C87H provides inverted data at the outputs. 

Ordering Information 



TEMPERATURE 



PACKAGE 

RANGE 

5MHz 

8 MHz 



Ceramic DIP 


SMD# 


LCC 

SMD# 


0°C to +70°C CP82C87H-5 


-40°C to +85°C IP82C87H-5 


0°C to +70°C CS82C87H-5 


-40°C to +85°C IS82C87H-5 


0°C to +70°C CD82C87H-5 


-40°C to +85°C ID82C87H-5 


-55°Cto+125°C MD82C87H-5/B 


5962-8757702RA 


-55°Cto+125°C MR82C87H-5/B 


5962-87577022A 


CP82C87H 


IP82C87H 


CS82C87H 


IS82C87H 


CD82C87H 


ID82C87H 



Pinouts 


20 LEAD DIP 

TOP VIEW 



20 LEAD PLCC AND LCC 

TOP VIEW 


^ < % 
n rr 


111 O ^ |h> |<o 

o z loQ Ico 

<3 


TRUTH TABLE 



Hi-Z 



H = Logic One 
L = Logic Zero 
I = Input Mode 
O = Output Mode 
X = Don’t Care 
Hi-Z = High Impedance 


PIN 

DESCRIPTION 

A0-A7 

Local Bus Data I/O Pins 

B0-B7 

System Bus Data I/O Pins 

T 

Transmit Control Input 

OE 

Active Low Output Enable 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 . 


File Number 2978 

























































82C87H 


Functional Diagram 




Gated Inputs 

During normal system operation of a latch, signals on the 
bus at the device inputs will become high Impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated Input transitions switch the input circuitry 
and typically cause an increase In power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input switch¬ 
ing threshold. Additionally, if the driving signal becomes high 
Impedance (“float” condition), it could create an Indetermi¬ 
nate logic state at the inputs and cause a disruption in 
device operation. 

The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device Is 
disabled (OE = logic one for the 82C86H/87H). These gated 
inputs disconnect the input circuitry from the VCC and 


ground power supply pins by turning off the upper P-channel 
and lower N-channel (See Figures 1 and 2). No current flow 
from VCC to GND occurs during input transitions and invalid 
logic states from floating inputs are not transmitted. The next 
stage is held to a valid logic level internal to the device. 

D.C. input voltage levels can also cause an increase in ICC if 
these Input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input cir¬ 
cuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this condi¬ 
tion will occur only during the time the device is in the trans¬ 
parent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10pA during the time 
inputs are disabled, thereby greatly reducing the average 
power dissipation of the 82C8X series devices. 


Decoupling Capacitors 

The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C86H/87H data 
sheet Is determined by 

I = CL (dv/dt) 

Assuming that all outputs change state at the same time and 
that dv/dt Is constant; 

l = CL (VCC X 80%) 


where tR = 20ns, VCC = 5.0V, CL = 300pF on each eight 
outputs. 

I = (8 X 300 X 10'^2) X (5.0V x 0.8)/(20 x 10'®) 

= 480mA 

This current spike may cause a large negative voltage spike 
on VCC which could cause improper operation of the device. 
To filter out this noise, it Is recommended that a 0.1 pF 
ceramic disc capacitor be placed between VCC and GND at 
each device, with placement being as near to the device as 
possible. 




INTERNAL 

DATA 



INTERNAL 
■ DATA 


FIGURE 1. 82C82/83H 


FIGURE 2. 82C86H/87H GATED INPUTS 
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Specifications 82C87H 


Absolute Maximum Ratings 


Reiiabiiity information 


Supply Voltage.+8.0V Thermal Resistance 


Input, Output or I/O Voltage.QND-0.5V to Vcc+0.5V Ceramic DIP Package. 70°C/W 15°C/W 

storage Temperature Range.-65<>C to+150°C ceramic LCC Package. 76“C/W 19<>C/W 

Junction Temperature.+175®C „ . „ . „ .. 

Lead Temperature (Soldering 10s).fOOOOC D^sipation at +125»C 

ESD Classification.Class 1 Ceramic DIP f^ckage. 

Ceramic LCC Package.664mW 

Gate Count.265 Gates 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the qyerational sections of this specification is not implied. 

Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Operating Temperature Range 

C82C87H.0°Cto+70°C 

I82C87H.-40°Cto+85°C 

M82C87H.-55°Cto+125°C 


DC Eiectrical Specifications vcc = s.ov ± io%; 

Ta = 0°C to +70°C (C82C87H); 

Ta = -40°C to +85°C (I82C87H); 
Ta = -55°Cto+125°C(M82C87H) 


SYMBOL 

PARAMETER 

VIH 

Logical One 

Input Voltage 

VIL 

Logical Zero Input Voltage 

VOH 

Logical One Output Voltage 

B Outputs 

A Outputs 

A or B Outputs 

VOL 

Logical Zero Output Voltage 

B Outputs 

A Outputs 

II 

Input Leakage Current 

10 

Output Leakage Current 

ICCSB 

Standby Power Supply Current 

ICCOP 

Operating Power Supply Current 


TEST CONDITIONS 




lOH = -8mA 
lOH = -4mA 
IOH = -100nA 


lOL = 20mA 
IOL= 12mA 


VIN = GND or VCC, DIP Pins 9, 11 


VO = GND or VCC, OE > VCC -0.5V 
DIP Pins 1-8,12-19 


VIN = VCC or GND, VCC = 5.5V, Outputs Open 


mA/MHz Ta = +25°C, VCC = 5V, Typical (See Note 2) 


1. VIH is measured by applying a pulse of magnitude = VIH min to 
one data input at a time and checking the corresponding device 
output f or a valid logical “1" during valid input high time. Control 
pins (T, OE) are tested separately with all device data input pins 
at VCC -0.4V. 


2. Typical ICCOP = 1 mA/MHz of read/write cycle time. (Example: 
1 .Ops, read/write cycle time = 1 mA). 


Capacitance Ta = +25°c 



PARAMETER 


Input Capacitance 
B Inputs 
A Inputs 



TEST CONDITIONS 


Freq = 1 MHz, all measurements are 
referenced to device GND 
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Specifications 82C87H 


AC Electrical Specifications vcc == 5.ov±io%; 

Freq = 1MHz 


SYMBOL 


(1) TIVOV 


= 0°C to +70°C (C82C87H); 

= -40°C to +85°C (I82C87H); 

= -55°Cto+125°C(M82C87H) 


NOTE 4 NOTE 4 

82C87H 82C87H-5 

MAX MAX 


UNITS I TEST CONDITIONS 
Notes 1,2 


(2) 

TEHTV 

(3) 

TTVEL 

(4) 

TEHOZ 

(5) 

TELOV 

(6) 

TR, TF 

(7) 

TEHEL 



PARAMETER 


Input to Output Delay 

Inverting 

Non-Inverting 


Transmit/Receive Hold Time 


Transmit/Receive Setup Time 


Output Disable Time 


Output Enable Time 


Input Rise/Fall Times 


Minimum Output Enable High Time 

82C87H 

82C87H-5 


1. All AC parameters tested as per test circuits and definitions in tim- 4. 82C87H is available in commercial and industrial temperature 

ing waveforms and test load circuits. Input rise and fall times are ranges only. 82C87H-5 is available in commercial, industrial and 
driven at 1 nsN. military temperature ranges. 

2. Input test signals must switch between VIL - 0.4V and VIH +0.4V. 


3. A system limitation only when changing direction. Not a mea¬ 
sured parameter. 


Timing Waveform 


2.0V "X 

0.8V y 



7 

- - TEHEL (7) - 

/-\ 


— 

0) 

TIVOV 

(4) 

TEHOZ 

TELOV (5) 



^(^H-0.1V 

3.0V 


VOL+0.1V 
-TEHTV(2) —» 


^ 0.45V 
‘TTVEL(3) 
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82C87H 


Test Load Circuits 


A SIDE OUTPUTS 


TIVOV 

LOAD CIRCUIT 


TELOV 

OUTPUT HIGH ENABLE 
LOAD CIRCUIT 


TELOV 

OUTPUT LOW ENABLE 
LOAD CIRCUIT 


TEHOZ 

OUTPUT LOW/HIGH DISABLE 
LOAD CIRCUIT 


B SIDE OUTPUTS 


TIVOV 

LOAD CIRCUIT 


TELOV 

OUTPUT HIGH ENABLE 
LOAD CIRCUIT 


TELOV 

OUTPUT LOW ENABLE 
LOAD CIRCUIT 


TEHOZ 

OUTPUT LOW/HIGH DISABLE 
LOAD CIRCUIT 


* Includes jig and stray capacitance 
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82C87H 


Metallization Topology 

DIE DIMENSIONS: 

138.6X 155.5 X 19 ±1mils 
METALLIZATION: 

Type: Si - Al 
Thickness: 11 kA ± 1 kA 

GLASSIVATION: 

Type: Si02 

Thickness: 8kA± IkA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 

1.47x10®A/cm2 


Metallization Mask Layout 

82C87H 


A2 Al AO VCC BO B1 



A7 OE GND T B7 B6 
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SEMICONDUCTOR 


82C88 



Features 

• Compatible with Bipolar 8288 

• Performance Compatible with: 

- 80C86/80C88.(5/8MH2) 

- 80186^80188 .(6/8MHz) 

- 8086/8088 .(5/8MHz) 

- 8089 

• Provides Advanced Commands for Muiti-Master 
Busses 

• Three-State Command Outputs 

• Bipoiar Drive Capability 

• Scaied SAJI IV CMOS Process 

• Single 5V Power Supply 

• Low Power Operation 

- ICCSB.lO^A(Max) 

- ICCOP.1mA/MHz(Max) 

• Operating Temperature Ranges 

- C82C88.0®C to +70°C 

■ I82C88.-40°C to +85°C 

- M82C88 .-55®C to +125°C 


Description 

The Harris 82C88 is a high performance CMOS Bus 
Controller manufactured using a self-aligned silicon gate 
CMOS process (Scaled SAJI IV). The 82C88 provides the 
control and command timing signals for 80C86, 80C88, 
8086, 8088, 8089, 80186, and 80188 based systems. The 
high output drive capability of the 82C88 eliminates the need 
for additional bus drivers. 

Static CMOS circuit design insures low operating power. The 
Harris advanced SAJI process results in performance equal 
to or greater than existing equivalent products at a significant 
power savings. 

Ordering Information 


PACKAGE 

Plastic DIP 


Ceramic DIP 


TEMPERATURE 

RANGE 

ORDER CODE 

0°C to +70°C 

CP82C88 

-40°C to +85°C 

IP82C88 

0°C to +70°C 

CS82C88 

-40°C to +85°C 

IS82C88 

0°C to +70°C 

CD82C88 

-40°C to +85°C 

ID82C88 

-55°C to +125°C 

MD82C88/B 


8406901RA 

-55°C to +125°C 

MR82C88/B 


84069012A 


Pinouts 


20 LEAD DIP 

TOP VIEW 


20 LEAD PLCC AND LCC 

TOP VIEW 


lOB lj_ 
CLK |T 

S1 [T 

DT/R [T 
ALE |T 

A^ [T 

[T 

AMWC IT 
MWTC [T 
GND flO 


201 VCC 
T] SO 

lil^ 

T| MCE/PD^ 
is] den 

T| CEN 

T]?nta 

lajioRc 

i] AlOWC 

T|io^ 


DT/R _4J 
ALE ^s] 
AEN _6] 
_7 ] 

AMWC _8] 



1_8 S2 

17 MCE/PDEN 
{e DEN 
1.5 CEN 
14 INTA 


O Q O y O 

£§111 

<t 


CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper I.C Handling Procedures. 
Copyright © Harris Corporation 1992 


File Number 2979 
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82C88 


Functional Diagram 


CONTROL 

INPUT 



VCC GND 


MRDC 
MWTC 
AMW C 
lORC 
lOWC 
AlOW C 
INTA 

DT/R 1 ADDRESS LATCH, 

DEN_ I DATA TRANSCEIVER, 

MCE/PDEN f AND INTERRUPT 
ALE J CONTROL SIGNALS 


^MULTIBUS IS AN INTEL CORP. TRADEMARK 


MULTIBUS™ 

COMMAND 

SIGNALS 


Pin Description 


PIN 

SYMBOL 

NUMBER 

TYPE 

DESCRIPTION 

VCC 

20 


VCC: The +5V power supply pin. A O.lpF capacitor between pins 10 and 20 is recommended fc)r decoupling. 

GND 

10 


GROUND. 

sT,^ 

19,3,18 

■ 

STATUS INPUT PINS: These pins are the input pins from the 80C86, 80C88,8086/88, 8089 processors. The 
82C88 decodes these inputs to generate command and control signals at the appropriate time. When Status 
pins are not in use (passive), command outputs are held HIGH (See Tablet). 

CLK 

2 

1 

CLOCK: This is a CMOS compatible input which receives a clock signal from the 82C84A or 82C85 clock gen¬ 
erator and serves to establish when command/control signals are generated. 

ALE 

5 

0 

ADDRESS LATCH ENABLE: This signal serves to strobe an address Into the address latches. This signal is 
active HIGH and latching occurs on the falling (HIGH to LOW) transition. ALE is intended for use with transpar¬ 
ent D type latches, such as the 82C82 and 82C83H. 

DEN 

16 

0 

DATA ENABLE: This signal serves to enable data transceivers onto either the local or system data bus. This 
signal is active HIGH. 

DT/R 

4 

0 

DATA TRANSMIT/RECEIVE: This signal establishes the direction of data flow through the transceivers. A HIGH 
on this line indicates Transmit (write to I/O or merrrory) and a LOW indicates Receive (read from I/O or memory). 

AEN 

6 

■ 

ADDRESS ENABLE: AEN enables command outputs of the 82C88 Bus Controller a minimum of 110ns (250ns 
maximum) after it becomes active (LOW). AEN going inactive immediately three-states the command output 
drivers. AEN does not affect the I/O command lines if the 82C88 is in the I/O Bus mode (lOB tied HIGH). 

CEN 

15 

' 

COMMAND ENABLE. When this signal is LOW ail 82C88 commarxi outputs and the DEN and PDEN control 
outputs are forced to their Inactive state. When this signal Is HIGH, these same outputs are enabled. 

lOB 

1 

' 

INPUT/OUTPUT BUS MODE: When the lOB pin is strapped HIGH, the 82C88 functions in the I/O Bus nrxxJe. 
When it Is strapped LOW, the 82C88 functions In the System Bus mode (See I/O Bus and System Bus sections). 

AlOWC 

12 

0 

ADVANCED I/O WRITE COMMAND: The AlOWC issues an I/O Write Command earlier In the machine cycle 
to give I/O devices an early indication of a write instruction. Its timing is the same as a read commarKi signal. 
AlOWC is active LOW 

lov^ 

11 

0 

I/O WRITE COMMAND: This command line instructs an I/O device to read the data on the data bus. The signal 
is active LOW. 

iORC 

13 

0 

I/O READ COMMAND: This command line instructs an I/O device to drive its data onto the data bus. This signal 
is active LOW. 

AMWC 

8 

0 

ADVANCED MEMORY WRITE COMMAND: The AMWC issues a memory wrrte command earlier in the ma¬ 
chine cycle to give memory devices an early indication of a write instruction. Its timing is the same as a read 
commarxi signal. AMWC is active LOW. 

MWTC 

9 

0 

MEMORY WRITE COMMAND: This command line instructs the memory to record the data present on the data 
bus. This signal is active LOW. 

mI^ 

7 

0 

MEMORY READ COMMAND: This command line instructs the memory to drive its data onto the data bus. 
MRDC is active LOW. 

irTfA 

14 

0 

INTERRUPT ACKNOWLEDGE: This command line tells an interrupting device that its interrupt has been ac¬ 
knowledged and that It should drive vectoring information onto the data bus. This signal is active LOW. 

MCE/ 

PDEN 

17 

0 

This is a dual function pin. MCE (lOB IS TIED LOW) Master Cascade Enable occurs during an interrupt se¬ 
quence and serves to read a Cascade Address from a master 82C59A Priority Interrupt Controller onto the data 
bus. The MCE signal Is active HIGH. PDEN (lOB IS TIED HIGH): Peripheral Data Enable enables the data bus 
transceiver for the I/O bus that DEN performs for the system bus. PDEN is active LOW. 














































































82C88 


Functional Description 

The command logic decodes the three 80C86, 8086, 80C88. 
8088, 80186, 80188 or 8089 status lines (SO, SI, S2) to 
determine what command is to be issued (see Table 1). 

TABLE 1. COMMAND DECODE DEFINITION 


82C88 

COMMAND 



I/O Bus Mode 

The 82C88 is in the I/O Bus mode if the lOB pin is st rapped 
HIGH. In the I/O Bus mode, all I/O command lines lORC, 
lOWC, AlOWC, INTA) are always enabled (i.e., not depen¬ 
dent on AEN). When an I/O command is initiated by the pro- 
cesso r, the 8 2C88 in^ediately activates the command lines 
using PDEN and DT/R to control the I/O bus transceiver. The 
I/O command lines should not be used to control the system 
bus in this configuration because no arbitration is present. 
This mode allows one 82C88 Bus Controller to handle two 
external busses. No waiting is involved when the CPU wants 
to gain access to the I/O b us. N ormal memory access 
requires a “Bus Ready” signal (AEN LOW) before it will pro¬ 
ceed. It is advantageous to use the lOB mode if I/O or per- 
pherals dedicated to one processor exist in a multi¬ 
processor system. 

System Bus Mode 

The 82C88 is in the System Bus mode if the lOB pin is 
strapped LOW In this mode, no co mmand is issued until a 
specified time period after the AEN line is activated (LOW). 
This mode assum es bu s arbitration logic will inform the bus 
controller (on the AEN line) when the bus is free for use. 
Both memory and I/O commands wait for bus arbitration. 
This mode is used when only one bus exists. Here, both I/O 
and memory are shared by more than one processor. 

Command Outputs 

The advanced write commands are made available to initiate 
write procedures early in the machine cycle. This signal can 
be used to prevent the processor from entering an unneces¬ 
sary wait state. 

INTA (Interrupt Acknowledge) acts as an I/O read during an 
interrupt cycle. Its purpose is to inform an interrupting device 
that its Interrupt Is being acknowledged and that it should 
place vectoring information onto the data bus. 


The command outputs are: 

MRDC - Memory Read Command 

MWTC - Memory Write Command 

lORC - I/O Read Command 

lOWC - I/O Write Command 

AMWC - Advanced Memory Write Command 

AlOWC - Advanced I/O Write Command 

INTA - Interrupt Acknowledge 

Control Outputs 

The control outputs of the £2C88 are Data Enable (DEN), 
Data Transmit/Receive (DT/R) a nd Mas ter Cascade Enable/ 
Peripheral Data Enable (MCE/PDEN). The DEN signal 
determines when the external bus should be enabled onto 
the local bus and the DT/R determines the direction of data 
transfer. These two signals usually go to the chip select and 
direction pins of a transceiver. 

The MCE/PDEN pin changes function with the two modes of 
the 82C88. When the 82C88 Is In the lOB mode (lOB HIGH), 
the PDEN signal serves as a dedicated data enable signal 
for the I/O or Peripheral System bus. 

Interrupt Acknowledge and MCE 

The MCE signal Is used during an interrupt acknowledge 
cycle if t^e 82C88 is In the System Bus mode (lOB LOW). 
During any Interrupt sequence, there are two Interrupt 
acknowledge cycles that occur back to back. During the first 
interrupt cycle no data or address transfers take place. Logic 
should be provided to mask off MCE during this cycle. Just 
before the second cycle begins the MCE signal gates a mas¬ 
ter Priority Interrupt Controller’s (PIC) cascade address onto 
the processor’s local bus where ALE (Address Latch Enable) 
strobes it into the address latches. On the leading edge of 
the second interrupt cycle, the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is read by 
the processor. 

If the system contains only one PIC, the MCE signal is not 
used. In this case, the second Interrupt Acknowledge signal 
gates the interrupt vector onto the processor bus. 

Address Latch Enable and Halt 

Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
82C82/82C83H address latches. ALE also serves to strobe 
the status (SO, SI, S2) into a latch for halt state decoding. 

Command Enable 

The Command Enable (CEN) input acts as a command 
qualifier for the 82C88. If the CEN pin is high, the 82C88 
functions normally. If the CEN pin is pulled LOW, all com¬ 
mand lines are held In their Inactive state (not 3-state). This 
feature can be used to implement memory partitioning and 
to eliminate address conflicts between system bus devices 
and resident bus devices. 
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Specifications 82C88 


Absolute Maximum Ratings 

Supply Voltage.+8.0V 

Input, Output or I/O Voltage.GND-0.5V to VCC+0.5V 

Storage Temperature Range.-65°C to -»-150°C 

Junction Temperature.+175°C 

Lead Temperature (Soldering 10s).+300°C 

ESD Classification.Class 1 


Reliability Information 

Thermal Resistance 0ja 6jc 

Ceramic DIP Package. 77.8°C/W 18.9°C/W 

Ceramic LCC Package. 76.0°C/W 19.0°C/W 

Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package.646mW 

Ceramic LCC Package.664mW 

Gate Count.100 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

operating Voltage Range.+4.5V to +5.5V 


Operating Temperature Range 

C82C88.0°C to +70°C 

I82C88.-40°Cto+85°C 

M82C88.-55°Cto+125°C 


DC Electrical Specifications vcc = s.ov ± io%; 

Ta = 0°C to +70°C (C82C88); 

Ta = -40°C to +85°C {I82C88); 
Ta = -55°C to +125°C (M82C88) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

VIH 

Logical One Input Voltage 

2.0 

- 

V 

C82C88,182C88 



2.2 

- 

V 

M82C88 

VIL 

Logical Zero Input Voltage 

- 

0.8 

V 


VIHC 

CLK Logical One Input Voltage 

VCC -0.8 

- 

V 


VILC 

CLK Logical Zero Input Voltage 

- 

0.8 

V 


VOH 

Output High Voltage 

3.0 

- 

■■ 

lOH = -8.0mA 


Command Outputs 

VCC -0.4 


mm 

lOH = -2.5mA 


Output High Voltage 

3.0 

- 

m 

lOH = -4.0mA 


Control Outputs 

VCC -0.4 


■■ 

lOH = -2.5mA 

VOL 

Output Low Voltage 

Command Outputs 

- 

0.5 

V 

IOL= -»-12.0mA 


Output Low Voltage 

Control Outputs 

- 

0.4 

V 

lOL = +8.0mA 


Input Leakage Current 

-1.0 

1.0 

pA 

VIN = GND or VCC, except SO, sT, S2, 

DIP Pins 1-2, 6,15 

IBHH 

Input Leakage Current-Status Bus 

-50 

-300 

pA 

VIN = 2.0V, SO, W\, S2 (See Note 1) 

lO 

Output Leakage Current 

-10.0 

10.0 

pA 

VO = GND or VCC, lOB = GND, AEN = VCC, 

DIP Pins 7-9,11-14 

ICCSB 

Standby Power Supply 

- 

10 

pA 

VCC = 5.5V, VIN = VCC or GND, Outputs Open 

ICCOP 

Operating Power Supply Current 

- 

1 

mA/MHz 

VCC = 5.5V, Outputs Open (See Note 2) 


NOTES: 

1. IBHH should be measured after raising the VIN on ^ to 2. ICCOP = 1 m/VMHz of CLK cycle time (TCLCL) 

VCC and then lowering to valid input high level of 2.0V. 


Capacitance Ta = + 25 °c 


SYMBOL 

PARAMETER 

TYPICAL 

UNITS 

TEST CONDITIONS 

CIN 

Input Capacitance 

10 

PF 

FREQ = 1 MHz, ail measurements are 
referenced to device GND 

COUT 

Output Capacitance 

17 

PF 



































































































Specifications 82C88 


AC Electrical Specifications vcc = 5.ov±io%; 

Ta = 0°C to +70°C (C82C88); 

Ta = -40°C to +85°C (I82C88); 
Ta = -55°Cto+125°C(M82C88) 


PARAMETER 


TIMING REQUIREMENTS 


(1) TCLCL 


(2) TCLCH 


(3) TCHCL 


(4) TSVCH 


(5) TCHSV 


(6) TSHCL 


(7) TCLSH 


TIMING RESPONSES 


(8) TCVNV 


(9) TCVNX 


(10) TCLLH. ' 


(11) TCLMCH 


(12) TSVLH 


(13) TSVMCH 


(14) TCHLL 


(15) TCLML 


TCLMH 


(17) TCHDTL 


(18) TCHDTH 


(19) TAELCH 


^) TAEHCZ 


(21) TAELCV 


(22) TAEVNV 


(23) TCEVNV 


(24) TCELRH 


(25) TLHLL 


CLK Cycle Period 


CLK Low Time 


CLK High Time 


Status Active Setup Time 


Status inactive Hold Time 


Status inactive Setup Time 


Status Active Hold Time 


Control Active Delay 


Control Inactive Delay 


ALE Active Delay (from CLK) 


MCE Active Delay (from CLK) 


ALE Active Delay (from Status) 


MCE Active Delay (from Status) 


ALE Inactive Delay 


Command Active Delay 


Command Inactive Delay 


Direction Control Active Delay 


Direction Control Inactive Delay 


Command Enable Time (Note 1) 


Command Disnable Time (Note 2) 


Enable Delay Time 


AEN to DEN 


CENtoDEN, PDEN 


CEN to Command 


TEST CONDITIONS 


ALE High Time 



1. TAELCH measurement is between 1.5V and 2.5V. 


2. TAEHCZ measured at 0.5V change In VOUT. 


AC Testing Input, Output Waveform 


A.C. Test Circuit 


OUTPUT FROM 

VOH * includes Stray and Jig DEVICE 

Capacitance UNDER TEST 


A.C. Testing:. All input signals (other than CLK) must switch 
between VIL «0.4V and VIH +0.4. CLK must switch 
between 0.4V and VCC >0.4V. input rise and fall times 
are driven at Ins/V. 


TEST CONDITION DEFINITION TABLE 
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82C88 


Timing Waveforms (Notes) 



1. Address/Data Bus Is shown only for reference purposes. 3. All timing measurements are made at t .5V unless otherwise 

2. Leading edge of ALE and MCE Is determined by the falling edge specified, 

of CLK or status going active. Whichever occurs last. 
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Timing Waveforms (Continued) {Note 3) 


DEN, PDEN QUALIFICATION TIMING 



ADDRESS ENABLE (AEN) TIMING (THREE-STATE ENABLE/DISABLE) 


OUTPUT 

COMMAND 



NOTE; CEN must be low or invalid prior to T2 to prevent the command from being generated. 


1. Address/Data Bus is shown only for reference purposes. 3. All timing measurements are made at 1.5V unless otherwise 

2. Leading edge of ALE and MCE is determined by the falling edge specified, 
of CLK or status going active. Whichever occurs last. 
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Burn-In Circuit 


M082C88 CERAMIC DIP 



MR82C88 CERAMIC LCC 


F3 FO F7 VCC F4 



NOTES: 

1. VCC = 5.5V ± 0.5V 
GND = OV 

2. VIH = 4.5V±10% 

VIL = -0.2V to +0.4V 

3. Component Values: 

R1 = 47kQ, 1/4W, 5% 
R2 = 1.5kQ, 1/4W,5% 
R3 = 10kQ, 1/4W, 5% 
R4=1.2kQ. 1/4W,5% 
C1 =0.01 pF (Min) 

FO = 100kHz ± 10% 

FI = FO/2 

F2 = FI/2 ... F7 = F6/2 






82C88 
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SEMICONDUCTOR 


82C89 


February 1992 


CMOS Bus Arbiter 


Features 

• Pin Compatible with Bipoiar 8289 

• Performance Compatibie with: 

- 80C86/80C88.(5/8MHz) 

• Provides Muiti-Master System Bus Controi and 
Arbitration 

• Provides Simpie Interface with 82C88/8288 Bus 
Controiier 

• Synchronizes 80C86/8086, 80C88/8088 Processors 
with Multi-Master Bus 

• Bipoiar Drive Capabiiity 

• Four Operating Modes for Fiexibie System Configura¬ 
tion 

• Low Power Operation 

- ICCSB.lO^A(Max) 

- ICCOP.1mA/MHz(Max) 

• Operating Temperature Ranges 

- C82C89.0°C to +70°C 

- I82C89 .-40®C to +85®C 

- M82C89.-55®C to +125®C 


Description 

The Harris 82C89 Bus Aribiter is manufactured using a self- 
aligned silicon gate CMOS process (Scaled SAJI IV). This 
circuit, along with the 82C88 bus controller, provides full bus 
arbitration and control for multi-processor systems. The 
82C89 is typically used In medium to large 80C86 or 80C88 
systems where access to the bus by several processors 
must be coordinated. The 82C89 also provides high output 
current and capacitive drive to eliminate the need for addi¬ 
tional bus buffering. 

Static CMOS circuit design insures low operating power. The 
advanced Harris SAJI CMOS process results in perfor¬ 
mance equal to or greater than existing equivalent products 
at a significant power savings. 

Ordering information 


PACKAGE 

Plastic DIP 


TEMPERATURE 

RANGE 

0°C to +70°C 
-40°C to +85°C 
0 °C to +70°C 
-40°C to +85°C 
0 °C to +70°C 
-40°C to +85°C 
-55°C to +125°C 

-55°C to +125°C 


ORDER CODE 

CP82C89 

IP82C89 

CS82C89 

IS82C89 

CD82C89 

ID82C89 

MD82C89/B 

5962-8552801RA 

MR82C89/B 

5962-85528012A 


Pinouts 


20 LEAD DIP 

TOP VIEW 


20 LEAD PLCC AND LCC 

TOP VIEW 














82C89 


Functional Diagram 


80C86/ I 

80C88 S 

STATUS I So 


ARBITRATION 


STATUS 

DECODER 




-*NIT 

MULTIBUS 

— 

-►BREQ 

INTERFACE 


orriN 

-►BPRO 

-►BUSY 

—►CBRQ 


s 


LOCK 

CLK 

CONTROLS CRQLCK 
STRAPPING < resB 

ANYRQST 


LOCAL 

BUS 

INTERFACE 


SYSTEM 

SIGNALS 


MULTIBUS™ IS AN INTEL CORP. TRADEMARK 


Pin Description 


PIN 

SYMBOL 

NUMBER 

VCC 

20 

GND 

10 

sT,^ 

1, 18-19 

CLK 

17 


16 

LOCK 

CRQLCK 

15 

RESB 

4 




VCC: The +5V Power supply pin. A 0.1pF capacitor between pins 10 and 20 is recommened for 
decoupling. 


STATUS INPUT PINS: The status input pins from an 80C86, 80C88 or 8089 processor. The 
82C89 decodes these pins to initiate bus request and surrender actions. (See Table 1). 


CLOCK: From the 82C84A or 82C85 clock chip and serves to establish when bus arbiter actions 
are initiated. 


LOCK: A processor generated signal which when activated (low) prevents the arbiter from sur¬ 
rendering the multi-master system bus to any other bus arbiter, regardless of its priority. 


COMMON REQUEST LOCK: An active low signal which prevents the arbiter from surrend ering 
the multi-master system bus to any other bus arbiter requesting the bus through the CBRQ input 
pin. 


RESIDENT BUS: A strapping option to configure the arbiter to operate in systems having both a 
multi-master system bus and a Resident Bus. Strap ped hig h, the multi-master system bus is re- 
queste d or surrendered as a function of the SYSB/RESB input pin. Strapped low, the SYSB/ 
RESB input is ignored. 


ANY REQUEST: A strapping option which permits the multi-master system bus to be surren¬ 
dered to a lower priority arbiter as if it were an arbiter of higher priority (i.e., when a lower priority 
arbiter requests the use of the multi-master system bus, the bus is surrendered as soon as It is 
possible). When ANYRQST is strapped low, the bus is surre ndered according to Table A In De¬ 
sign Information. If ANYRQST is strapped hig h and CBRQ is activated, the bus is surrendered 
at the end of the present bus cycle. Strapping CBRQ low and ANYRQST high forces the 82C89 
arbiter to surr ender th e multi-master system bus after each transfer cycle. Note that when sur¬ 
render occurs BREQ is driven false (high). 
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Pin Description (Continued) 


PIN 

SYMBOL 

NUMBER 

TYPE 

DESCRIPTION 

iOB 

2 

1 

lO BUS: A strapping option which configures the 82C89 Arbiter to operate in systems having both 
an 10 Bus (Peripheral Bus) and a multi*master system bus. The arblter_requests and surrenders 
the use of the multi-master system bus as a function of the status line, S2. The multi-master sys¬ 
tem bus is permitted to be surrendered while the processor is performing lO commands and is 
requested whenever the processor performs a memory command.Interrupt cycles are assumed 
as coming from the peripheral bus and are treated as an 10 command. 

AEN 

13 

0 

ADDRESS ENABLE: The output of the 82C89 Arbiter to the processor’s address latches, to the 
82C88 Bus Controller and 82C84A or 82C85 Clock Generator. AEN serves to Instruct the Bus 
Controller and address latches when to three-state their output drivers. 

InIt 

6 

■ 

INITIALIZE: An active low multi-master system bus input signal used to reset all the bus arbiters 
on the multi-master system bus. After initialization, no arbiters have the use of the multi-master 
system bus. 

SYSB/ 

RESB 

3 

1 

SYSTEM BUS/RESIDENT BUS: An Input signal when the arbiter is configured in the System/ 
Resident Mode (RESB is strapped high) which determines when the multi-master system bus is 
requested and multi-master system bus surrendering is permitted. The signal Is intended to orig¬ 
inate from a form of address-mapping circuitry, such as a decoder or PROM attached to the res¬ 
ident address bus. Signal transitions and glitches are permitted on this pin from 91 of T4 to 01 of 
T2 of the processor cycle. During the period from 01 of T2 to 01 of T4, only clean transitions are 
permitted on this pin (no glitches). If a glitch occurs, the arbiter may capture or miss it, and the 
multi-master system bus may be requested or surrendered .depending upon the state of the glitch. 
The arbiter requests the multi-master system bus in the System/Resident Mode when the state 
of the SYSB/RESB pin is high and permits the bus to be surrendered when this pin is low. 

CB^ 

12 

I/O 

COMMON BUS REQUEST: An input signal which instructs the arbiter if there are any other arbi¬ 
ters of lower priority requesting the use of the multi-master system bus. 

The CBRQ pins (open-drain output) of all the 82C89 Bus Arbiters which surrender to the multi¬ 
master system bus upon request are connected together. 

The Bus Arbiter running the current transfer cycle will not itself pull the CBRQ line low. Any other 
arbiter connected to the CDRQ line can request the milti-master system bus. The arbiter presently 
running the current transfer cycle drops its BREQ signal and surrenders the bus whenever the 
proper surrender conditions exist. Strapping CBRQ low and ANYRQST high allows the multi- 
master system bus to be surrendered after each transfer cycle. See the pin definition of 
ANYRQST. 

BCLK 

5 

1 

BUS CLOCK: The multi-master system bus clock to which all multi-master system bus interface 
signals are synchronized. 

B^ 

7 

0 

BUS REQUEST: An active low output signal In the Parallel Priority Resolving Scheme which the 
arbiter activates to request the use of the multi-master system bus. 

BPm 

9 

1 

BUS PRIORITY IN: The active low signal returned to the arbiter to instruct it that it may acquire 
the multi-master system bus on the next falling edge of BCLK. BPRN active indicates to the arbiter 
that it is the highest priority requesting arbiter presently on the bus. The loss of BPRN instructs 
the arbiter that it has lost priority to a higher priority arbiter. 

B^ 

8 

0 

BUS PRIORITY OUT: An active low output signal used in the serial priority resolving scheme 
where BPRO is daisy-chained to BPRN of the next lower priority arbiter. 

BU^ 

11 

I/O 

BUSY: An active low open-drain multi-master system bus interface signal used to instruct ail the 
arbiters on the bus when the multi-master system bus is available. When the multi-master system 
bus is available the highest requesting arbiter (determined by BPRN) seizes the bus and pulls 
BUSY low to keep other arbiters off of the bus. When the arbiter is done with the bus, it releases 
the BUSY signal, permitting it to go high and thereby allowing another arbiter to acquire the multi¬ 
master system bus. 
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Functional Description 

The 82C89 Bus Arbiter operates in conjunction with the 
82C88 Bus Controller to interface 80C86, 80C88 processors 
to a multi-master system bus (both the 80C86 and 80C88 
are configured in their max mode). The processor is 
unaware of the arbiter’s existence and issues commands as 
though it has exclusive use of the system bus. If the proces¬ 
sor does not have the use of the multi-master system bus, 
the arbiter prevents the Bus Controller (82C88), the data 
transceivers and the address latches from accessing the 
system bus (e.g. all bus driver outputs are forced into the 
high impedance state). Since the command sequence was 
not issued by the 82C88, the system bus will appear as “Not 
Ready” and the processor will enter wait states. The proces¬ 
sor will remain in Wait until the Bus Arbiter acquires the use 
of the multi-master system bus whereupon the arbiter will 
allow the bus controller, the data transceivers, and the 
address latches to access the system. Typically, once the 
command has been issued and a data transfer has taken 
place, a transfer acknowledge (XACK) is returned to the pro¬ 
cessor to indicate “READY” from the accessed slave device. 
The processor then completes its transfer cycle. Thus the 
arbiter serves to multiplex a processor (or bus master) onto 
a multi-master system bus and avoid contention problems 
between bus masters. 

Arbitration Between Bus Masters 

In general, higher priority masters obtain the bus when a 
lower priority master completes Its present transfer cycle. 
Lower priority bus masters obtain the bus when a higher pri¬ 
ority master is not accessing the system bus. A strapping 
option (ANYRQST) Is provided to allow the arbiter to surren¬ 
der the bus to a lower priority master as though it were a 
master of higher priority. If there are no other bus masters 
requesting the bus, the arbiter maintains the bus so long as 
its processor has not entered the HALT State. The arbiter will 
not voluntarily surrender the system bus and has to be forced 
off by another master’s bus request, the HALT State being 
the only exception. Additional strapping options permit other 
modes of operation wherein the multi-master system bus is 
surrendered or requested under different sets of conditions. 

Priority Resolving Techniques 

Since there can be many bus masters on a multi-master sys¬ 
tem bus, some means of resolving priority between bus 
masters simultaneously requesting the bus must be pro¬ 
vided. The 82C89 Bus Arbiter provides several resolving 
techniques. All the techniques are based on a priority con¬ 
cept that at a given time one bus master will have priority 
above all the rest. There are provisions for using parallel pri¬ 
ority resolving techniques, serial priority resolving tech¬ 
niques, and rotating priority techniques. 

Parallel Priority Resolving 

The parallel priority resolving technique uses a separate bus 
request line BREQ for each arbiter on the multi-master sys¬ 
tem bus, see Figure 1. Each BREQ line enters into a priority 
encode r which generates the binary address of the highest 
priority BREQ line which is active. The binary add ress is 
decoded by a decoder to select the corresponding BPRN 


(Bus Priority In) line to be returned to the hig hest pr iority 
requesting arbiter. The arbiter receiving priority (BPRN true) 
then allows its associated bus master onto the multi-master 
system bus as soon as it becomes available (i.e., the bus is 
no longer busy). When one bus arbiter gains priority over 
another arbiter it cannot immediately seize the bus, it must 
wait until the present bus transaction is complete. Upon 
completing Its transaction the present bus occupant recog¬ 
nizes that it no longer h as priority and surrenders the bus by 
releasing BUSY. BUSY is an active low “OR” tied signal line 
which goes to every bus arbiter on the system bus. When 
BUSY goes inactiv e (high), the arbiter which present ly has 
bus priority (BPRN true) then seizes the bus and pulls BUSY 
low to keep other arbiters off of the bus. See waveform tim¬ 
ing diagram. Figure 2. Note that all multimaste r syste m bus 
transactions are synchronized to the bus clock (BCLK). This 
allows the parallel priority resolving circuitry or any other pri¬ 
ority resolving scheme employed to settle. 



FIGURE 1. PARALLEL PRIORITY RESOLVING TECHNIQUE 


—' I'—' 

5 ®\ I 

1 , 

( 



J 

i _ 


NOTES: 

1. Higher priority bus arbiter requests the Multi-Master system bus. 

2. Attains priority. 

3. Lower priority bus arbiter releases BUSY. 

4. Higher priority bus arbiter then acquires the bus and pulls BUSY 
down. 

FIGURE 2. HIGHER PRIORITY ARBITER OBTAINING THE BUS 
FROM A LOWER PRIORITY ARBITER 

Serial Priority Resolving 

The serial priority resolving technique eliminates the need 
for the priority encoder-decoder arrangement by daisychain¬ 
ing the bus arbiters together, connecting the high er prior ity 
bus arbiter’s BPRO (Bus Priority Out) output to the BPRN of 
the next lower priority. See Figure 3. 
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NOTE: The number of arbiters that may be daisy-ch ained to gether 
in the serial priority resolving scheme is a function of BCLK and the 
propagation delay from arbiter to arbiter. Normally, at 10MHz only 3 
arbiters may be daisychained. 

FIGURE 3. SERIAL PRIORITY RESOLVING 

Rotating Priority Resolving 

The rotating priority resolving technique is similar to that of 
the parallel priority resolving technique except that priority is 
dynamically re-assigned. The priority encoder is replaced by 
a more complex circuit which rotates priority between 
requesting arbiters thus allowing each arbiter an equal 
chance to use the multi-master system bus, over time. 

Which Priority Resolving Technique To Use 

There are advantages and disadvantages for each of the 
techniques described above. The rotating priority resolving 


technique requires substantial external logic to implement 
while the serial technique uses no external logic but can 
accommodate only a limited number of bus arbiters before 
the daisy-chain pr opagat ion delay exceeds the multimaster’s 
system bus clock (BCLK). The parallel priority resolving tech¬ 
nique is in general a good compromise between the other 
two techniques. It allows for many arbiters to be present on 
the bus while not requiring too much logic to implement. 

82C89 Modes Of Operation 

There are two types of processors for which the 82C89 will 
provide support: An Input/Output processor (i.e. an NMOS 
8089 lOP) and the 80C86, 80C88. Consequently, there are 
two basic operating modes in the 82C89 bus arbiter. One, 
the lOB (I/O Peripheral Bus) mode, permits the processor 
access to both an I/O Peripheral Bus and a multi-master sys¬ 
tem bus. The second, the RESB (Resident Bus mode), per¬ 
mits the processor to communicate over both a Resident 
Bus and a multi-master system bus. An I/O Peripheral Bus is 
a bus where all devices on that bus, including memory, are 
treated as I/O devices and are addressed by I/O commands. 
All memory commands are directed to another bus, the 
multi-master system bus. A Resident Bus can issue both 
memory and I/O commands, but it is a distinct and separate 
bus from the multi-master system bus. The distinction is that 
the Resident Bus has only one master, providing full avail¬ 
ability and being dedicated to that one master. 

The lOB strapping option configures the 82C89 Bus Arbiter 
into the lOB mode and the strapping option RESB config¬ 
ures it Into the RESB mode. It might be noted at this point 
that If both strapping options are strapped false, the arbiter 
interfaces the processor to a multi-master system bus only 
(see Figure 4). With both options strapped true, the arbiter 
interfaces the processor to a multi-master system bus, a 
Resident Bus, and an I/O Bus. 



MULTI-MASTER 
SYSTEM BUS 


FIGURE 4. TYPICAL MEDIUM COMPLEXITY CPU SYSTEM 






82C89 


In the lOB mode, the processor communicates and controls 
a host of peripherals over the Peripheral Bus. When the I/O 
Processor needs to communicate with system memory, it 
does so over the system memory bus. Figure 5 shows a pos¬ 
sible I/O Processor system configuration. 

The 80C86 and 80C88 processors can communicate with a 
Resident Bus and a multi-master system bus. Two bus con¬ 
trollers and only one Bus Arbiter would be needed in such a 
configuration as shown in Figure 6. In such a system config¬ 


uration the processor would have access to memory and 
peripherals of both busses. Memory mapping techniques are 
applied to select which bus is to be accessed. The SYSB/ 
RESB Input on the arbiter serves to instruct the arbiter as to 
whether or not the sy stem b us is to be accessed. The signal 
connected to SYSB/RESB also enables or disables com¬ 
mands from one of the bus controllers. A summary of the 
modes that the 82C89 has, along with Its response to Its sta¬ 
tus lines inputs, is shown in Table 1. 



FIGURE 5. TYPICAL MEDIUM COMPLEXITY lOB SYSTEM 



FIGURE 6. 82C89 BUS ARBITER SHOWN IN SYSTEM - RESIDENT BUS CONFIGURATION 

*By adding another 82C89 arbiter and connecting its AEN to the 82C88 whose AEN is presently grounded, the processor 
could have access to two multi-master buses. 
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TABLE 1. SUMMARY OF 82C89 MODES, REQUESTING AND RELINQUISHING THE MULTI-MASTER SYSTEM BUS 


SINGLE LINES FROM 
80C86 OR 80C88 OR 8088 


_ RESB MODE ONLY 
lOB MODE lOB = HIGH, RESB = HIGH 

ONLY - - — 

lOB = LOW SYSB/RESB s SYSBmESB = 
RESB = LOW HIGH LOW 


JOB MODE RESB MODE 
lOB = LOW, RESB = HIGH 


SYSB/RESB = SYSB/RESB: 
HIGH LOW 


SINGLE BUS 
MODE 
lOB = HIGH 
RESB = LOW 



1. X = Multi-Master System Bus is allowed to be Surrendered. 

2. t = Multi-Master System Bus is Requested. 


MODE 

PIN 

STRAPPING 

MULTI-MASTER SYSTEM BUS 

REQUESTED** 

SURRENDERED* 

Single Bus Multi-Master Mode 

iOB = High 

RESB = Low 

Whenever the processor's status lines 
go active 

HLT + Tl • CB^ + HPBRQ t 

RESB Mode Only 

Job = High 

RESB = High 

SYSB/RESB + High • 

ACTIVE STATUS 

(SYSB/RESB = Low+ TI)» 

CBRQ + HLT + HPBRQ 

lOB Mode Only 

IOB = Low 

RESB = Low 

Memory Commands 

(I/O Status + Tl) • CBRQ + HLT + 
HPBRQ 

lOB Mode RESB Mode 

10B= Low 

RESB = High 

(Memory Command) • 

(SYSB/RESB = High) 

(I/O Status Commands) + 

SYSB/RESB = Low) • CBRQ + 

HPBRQ t + HLT 


* LOCK prevents surrender of Bus to any other arbiter, CRQLCK prevents surrender of Bus to any lower priority arbiter. 
** Except for HALT and Passive or IDLE Status. 
t HPBRQ, Higher priority Bus request or BPRN = 1. 

1. lOB Active Low. 

2. RESB Active High. 

3. + is read as “OR" and • as "AND” 

4. Tl = Processor Idle Status ^,^,^=111 

5. HLT = Processor Halt Status S2, ^ = 011 
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Specifications 82C89 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+8.0V Thermal Resistance 


Input, Output or I/O Voltage.GND-0.5V to VCC+0.5V 

Storage Temperature Range.-65°C to +150°C 


Ceramic DIP Package. 80®C/W 

Ceramic LCC Package. 76°C/W 


Junction Temperature.+175°C Maximum Package Power Dissipation at +125°C 


Lead Temperature (Soldering 10s).+300°C 

ESD Classification.Class 1 


Ceramic DIP Package.620mW 

Ceramic LCC Package.664mW 

Gate Count.200 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied 


Operating Conditions 

Operating Voltage Range.... 


+4.5V to +5.5V Operating Temperature Range 

C82C89.0°Cto+70°C 

I82C89.-40°C to +85°C 

M82C89.-55°Cto+125°C 


DC Electrical Specifications vcc = s.ov ± io%; 

Ta = 0°C to +70°C {C82C89); 

Ta = -40°C to +85°C (I82C89); 
Ta = -55°Cto+125°C(M82C89) 


SYMBOL PARAMETER 


VIH Logical One Input Voltage 


Logical Zero Input Voltage 


CLK Logical One Input Voltage 


CLK Logical Zero Input Voltage 


Outpu t Low Vo ltage 
BUSY . CBRQ 
AEN 


BPRO, BREQ 


Outpu t High V oltage 
BUSY, CBRQ 


Output High Voltage 
All Other Outputs 


Input Leakage Current 


I/O Leakage 


ICCSB Standby Power Supply 


ICCOP Operating Power Supply Current 



TEST CONDITIONS 



3.0 

VCC -0.4 



lOH = -2.5mA 
IOH = -100pA 


VIN = GND or VCC, DIP Pins 1-6, 9,14-19 


VO = GND or VCC, DIP Pins 11-12 


VCC = 5.5V, VIN = VCC or GND, Outputs Open 


mA/MHz VCC = 5.5V, Outputs Open, Note 2 


1. Does not apply to lOB, RESB, or ANYRQST. These are strap op- 2. Maximum current defined by CLK or BCLK, whichever has the 
tions and should be held to VCC or GND. highest operating frequency 


Capacitance Ta = + 25 °c 


SYMBOL 

PARAMETER 

TYPICAL 

UNITS 

TEST CONDITIONS 

CIN 

Input Capacitance 

10 

PF 

FREQ = 1 MHz, all measurements are 
referenced to device GND 

COUT 

Output Capacitance 

10 

PF 

CIO 

I/O Capacitance 

15 

pF 
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Specifications 82C89 


AC Electrical Specifications vcc = s.ov ± io%; gnd = ov: 

Ta = 0°C to +70°C (C82C89); 

Ta = -40°C to +85°C (I82C89); 
Ta = -55°Cto+125°C(M82C89) 


PARAMETER 



(4) TSVCH 


(5) TSHCL 


(6) THVCH 


(7) THVCL 


(9) TCBSBL 


(10) TBLBL 


(11) TBHCL 


(12) TCLLL1 


(13) TCLLL2 


(14) TPNBL 


(15) TCLSR1 


(16) TCLSR2 


(17) TIVIH 


(18) TBLBRL 


(19) TBLPOH 


(20) TPNPO 


(21) TBLBYL 


(22) TBLBYH 


(23) TCLAEH 


(24) TBLAEL 


(25) TBLCBL 


(26) TBLCBH 


(27) TOLOH 


(28) TOHOL 


(29) TILIH 


(30) TIHIL 


CLK Cycle Period 


CLK Low Time 


CLK High Time 


Status Active Setup 


Status inactive Setup 


Status Inactive Hold 


Status Active Hold 


BUSYiT Setup to BCLKi 


CBRQit Setup to BCLKi 


BCLK Cycle Time 


BCLK High Time 


LOCK Inactive Hold 


LOCK Active Setup 


BPRNit to BCLK Setup Time 


SYSB/RESB Setup 


SYSB/RESB Hold 


Initialization Pulse Width 


BCLKtoBREQ Delayit 


BCLK to BPROit 


BPRNit to BPROit Delay 


BCLK to BUSY Low 


BCLK to BUSY Float 


CLKtoAEN High 


BCLKtoAEN Low 


BCLK to CBRQ Low 


BCLKtoCBRQ Float 


Output Rise Time 


Output Fall Time 


Input Rise Time 


Input Fall Time 



1. BCLK generates the first BPRO wherein subsequent BPRO 
changes lower in the chain are generated through BPRON, 

2. Measured at 0.5V above GND. 


3. All AC parameters tested as per AC test load circuits. Input rise 
and fall times are driven at InsA/. 

4. Except BUSY and CBRQ 
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82C89 


AC Test Load Circuits 


BUSY, CBRQ LOAD CIRCUIT 


AEN LOAD CIRCUIT 


BPRO, BREQ LOAD CIRCUIT 


OUTPUT FROM 
DEVICE 
UNDER TEST 


OUTPUT FROM 
DEVICE 
UNDER TEST 


OUTPUT FROM 
DEVICE 
UNDER TEST 


' Includes Stray and Jig Capacitance 


AC Testing Input, Output Waveform 


AC Testing: Inputs are driven at VIH +0.4V for a logic “1” and VIL 
-0.4V for a logic “0". The clock is driven at VCC -0.4V and 0.4V. Tim¬ 
ing measurements are made at 1.5V for both a logic “1” and “0". 
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Timing Waveform 



NO TES: _ 

1. LOCK active can occur during any state, as long as the relation- 2. Glitching of SYSB/RESB is per mitted d uring this time. After 02 of 
ships shown above with respect to the CLK are maintained. T1, and before 01 of T4, SYSB/RESB should be stable to main- 
LOCK ina ctive has no critical time and can be asynchronous. tain system efficiency. 

CRQLCK has no critical timing and is considered an asynchro- 3 leading ed ge is related to BCLK, trailing edge to CLK. The 
nous input signal. trailing edge of AEN occurs after bus priority is lost. 

ADDITIONAL NOTES: 

The si gnals related to CLK are typical pr ocesso r signals, and do not relate to the depicted sequence of events of the signals referenced to 
BCLK. The signals shown related to the BCLK represent a hypothetical sequence of events for illustration. Assume 3 bus arbite rs of pr iori- 
ties 1,2 and 3 configured in serial priority resolving scheme ( as show n in Figure 3 ). Assume arbiter 1 has the bus and is holdin g BUSY low. 
Arbiter #2 detects its processor wants the bus and pulls low BREQ #2. If BPRN #2 is high (as shown), arbiter #2 will pull low CBR Q line. 
CBRQ signals to the higher priority arbiter #1 that a lower priority arbiter wants the bus. [A higher pri ority ar biter would be granted BPRN 
when It makes the bus request rather than having to wait for another arbiter to release the bus thro ugh CBR Q]. *Arb iter #1 will relinqu ish the 
multi-master system bus when it enters a st ate not requiring it (see Table 1), b y loweri ng its BPRO #1 (tied to BPRN #2) and releasing BUSY. 
Arbiter #2 now sees th at Is has priority from BP RN #2 b eing low and releases CBRQ. As soon as BUSY signifies the bus is available (high), 
arbiter #2 pulls BUSY low on next falling edge of BCL K. Note that If arbiter #2 didn’t want the bus at the time it received priority, it would pass 
priority to the next lower priority arbiter by lowering its BPRO #2 [TPNPOj. 

*Note that even a higher priority arbiter which is acquiring the bus through BPRN will momentarily drop CBRQ until it has acquired the bus. 





82C89 
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Metallization Topology 

DIE DIMENSIONS: 

92.9 X 95.7 X 19 ±1 mils 

METALLIZATION: 

Type: Si - Al 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 

Type: Nitrox 
Thickness: 10kA±2kA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 

1.8x10®A/cm2 


Metallization Mask Layout 



=]■ -- 
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CMOS DATA COMMUNICATIONS 


CMOS DATA COMMUNICATIONS DATASHEETS 

82C50A Asynchronous Communications Element. 

82C52 Serial Controller Interface. 

CDP1854A, AC Programmable UART. 

CDP1854A/3, AC/3 High-Reliability Programmable UART. 

CDP6402, C Universal Asynchronous Receiver Transmitter (UART) 

HD-4702 Programmable Bit Rate Generator. 

HD-4702/883 Programmable Bit Rate Generator. 

HD-6402 Universal Asynchronous Receiver Transmitter (UART) 

HD-6402/883 Universal Asynchronous Receiver Transmitter (UART) 

HD-6408 Asynchronous Serial Manchester Adaptor. 

HD-6409 Manchester Encoder-Decoder (MED). 

HD-6409/883 Manchester Encoder-Decoder (MED). 

HD-15530 Manchester Encoder-Decoder (MED). 

HD-15531 Manchester Encoder-Decoder (MED). 

HD-15531/883 Manchester Encoder-Decoder (MED). 

HS-3182 ARINC 429 Bus Driver. 

HS-3282 ARINC 429 Bus Interface Circuit. 

ICL232 +5V Powered Dual RS-232 Transmitter/Receiver. 


RELATED APPLICATION NOTES 

App Note 108 82C52 Programmable UART. 

App Note 400 Using the HS-3282 Bus Interface Circuit 
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SEMICONDUCTOR 


January 1992 


a2C50A 

CMOS Asynchronous 
Communications Eiement 


Features 

• Single Chip UART/BRG 

• DC to 625K Baud (DC to 10MHZ Clock) 

• Crystal or External Clock Input 

• On Chip Baud Rate Generator 

1 to 65535 Divisor Generates 16X Clock 

• Prioritized Interrupt Mode 

• Fully TTL/CMOS Compatible 

• Microprocessor Bus Oriented Interface 

• 80C86/80C88 Compatible 

• Scaled SAJI IV CMOS Process 

• Low Power - 1 mA/MHz Typical 

• Modem Interface 

• Line Break Generation and Detection 

• Loopback and Echo Modes 

• Doubled Buffered Transmitter and Receiver 

• Single 5V Supply 


40 LEAD DIP 

TOP VIEW 


Pinouts 


D ycc 

DRI_ 

2 DSR 
2 CTS 
2 

2 OUTl 

2 RTS_ 

3 OUTZ 
2 IHTRPT 
2 NC 

2 AO 
2 A1 

2 ADS 

2 CSOUT 

3 DDIS 
2 DISTR 
2 DISTR 


40 LEAD PLCC 

TOP VIEW 

a s 5 s s 



Description 

The 82C50A Asynchronous Communication Element (ACE) is a 
high performance programmable Universal Asynchronous Re- 
ceiver/Transmitter (UART) and Baud Rate Generator (BRG) on a 
single chip Using Harris Semiconductor’s advanced Scaled 
SAJI IV CMOS Process, the ACE will support data rates from DC 
to 625K baud (0-10 MHz clock) 

The ACE’s receiver circuitry converts start, data, stop, and parity 
bits into a parallel data word The transmitter circuitry converts a 
parallel data word into serial form and appends the start, parity, 
and stop bits. The word length is programmable to 5, 6, 7, or 8 
data bits. Stop bit selection provides a choice of 1, 1 5, or 2 stop 
bits 


The Baud Rate Generator divides the clock by a divisor 
programmable from 1 to 2'*6-1 to provide standard RS-232C 
baud rates when using any one of three industry standard baud 
rate crystals (1.8432 MHz, 2.4576 MHz, or 3.072 MHz). A 
programmable buffered clock output (BAUDOUT) provides 
either a buffered oscillator or 16X (16 times the data rate) baud 
rate clock for general purpose system use 

To meet the system requirements of a CPU interfa cing to an 
asyn c hron ous chan nel, the modem control signals RTS, CTS, 
DSR, DTR, Rl, DCD are provided. Inputs and outputs have been 
designed with full TTL/CMOS compatability in order to facilitate 
mixed TTL/NMOS/CMOS system design. 


Functional Diagram 


cso 

12 

CS1 

13 ^ 

csz 

14 ^ 

m 

25 

AO 

28 ^ 

A1 

27 ^ 

A2 

28 ^ 

MR 

35 ^ 

DISTR 

22 

DISTR 

21 ^ 

OOSTR 

19 ^ 

DOSTR 

18 _ 

^ DO_ 

^01 

_2^ 

_ Q2 3^1 

« 03 

4 ^ 

« 04 

5 

_ 05 

6 

^ D6 7 ^ 

- 07 B _ 


MICROPRDCESSDR INTERFACE 


INTERRUPT 

ENABLE. 

ID. & CONTRDL 



RECEIVER 

LINE STATUS 

AND CONTROL 

DIVISOR LATCH 

AND 

BAUD RATE 
GENERATOR 


TRANSMITTER 

MODEM 

MODEM CONTROL 



SIN 

jm 

^9 

RCLK 

15 

BAUDOUT 

.'6 

XTAL1 

17 

XTAL2^ 

11 

SOUT ^ 

32 

RTS ^ 

33 

DTR ^ 

34 

OUTi ^ 

31 

0UT2^ 

■1 

CTS 

^ 37 

m 

« 38 

DCD 

_ 39 

1 


Ordering Information 





Plastic 

DIP 

0°C to +70°C 

CP82C50A-5 

-40°C to +85°C 

IP82C50A-5 

PLCC 

0®C to +70°C 

CS82C50A-5 

-40®C to +85°C 

IS82C50A-5 

Ceramic 

DIP 

0®C to +70°C 

CD82C50A-5 

-40®C to +85°C 

ID82C50A-5 

-55°C to +125°C 

MD82C50A-5/B 


m 


CAUTION Electronic devices are sensitive to electrostatic discharge Proper I C handling procedures should be followed 

File Number 295o 
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Pin Description 


ACTIVE 

LEVEL 



DESCRIPTION 


DATA IN STROBE. DATA IN STROBE: DISTR, DISTR are read inputs 
which cause the 82C50A to output data to the data bus (D0-D7). The 
data output depends upon the register selecte d by the address inputs 
AO, A1 , A2. The chip select inputs CSO, CS1, CS2 enable the DISTR, 
DISTR inputs. 

Only an active DISTR or DISTR, not both, is used to receive data from 
the 82C 50A during a read oper ation. I f DISTR is used as the read input, 
DISTR should be tied high. If DISTR is used as the active read input, 
DISTR should be tied low. 


DATA OUT STROBE, DATA OUT STROBE: DOSTR, DOSTR are write 
inputs which cause data from the data bus (D0-D7) to be input to the 
82C50A. The data input depends upon the register sele cted by the 
address inpu ts AO, A 1, A2. The chip select inputs CSO, CS1, CS2 enable 
the DOSTR, DOSTR Inputs. 

Only an active DOSTR or DOSTR, not both, is used to transmit data to 
the 82 C50A d uring a write operatio n. If DO STR is used as the write 
input, DOSTR should be tied high. If DOSTR is used as the write input, 
DOSTR should be tied low. 


DATA BITS 0-7: The Data Bus provides eight, 3-state input/output lines 
for the transfer of data, control and status information between the- 
82C50A and the CPU. For character formats of less than 8 bits, D7, D6 
and D5 are "don’t cares” for data write operations and 0 for data read 
operations. These lines are normally in a high impedance state except 
during read operations. DO is the Least Significant Bit (LSB) and is the 
first serial data bit to be received or transmitted. 


REGISTER SELECT: The address lines select the internal registers 
during CPU bus operations. See Table 1. 


CRYSTAL/CLOCK: Crystal connections for the internal Baud Rate 
Generator. XTAL1 can also be used as an external clock input, in which 
case XTAL2 should be left open. 


SERIAL DATA OUTPUT: Serial data output from the 82C50A 
transmitter circuitry. A Mark (1) is a logic one (high) and Space (0) is a 
logic zero (low). SOUT is held in the Mark condition when the 
transmitter is disabled, MR is true, the Transmitter Register i s em pty, or 
when in the Loop Mode. SOUT is not affected by the CTS input. 


GROUND: Power supply ground connection (VSS). 


CLEAR TO SEND: The logical state of the CTS pm is reflected in the 
CTS bit of the (MSR) Modem Status Register (CTS is bit 4 of the MSR, 
written MSR(4)). A change of state in the CTS pm since the previous 
reading of the MSR causes the setting of DCTS (MSR(O)) of the Modem 
Status Register. When CTS pm is ACTIVE (low), the modem is 
indicating that data on SOUT can be transmitted on the 
communications link. If CTS pin goes INACTIVE (high), the 82C50A 
should not be allowed to transmit data out of SOUT. CTS pm does not 
affect Loop Mode operation. 


DATA SET READY: The logical state of the DSR pm is reflected in 
MSR(5) of the Modem Status Register. DDSR (MSR(1)) indicates 
whether the DSR pi n ha s changed state since the previous reading of 
the MSR. When the DSR pin is ACTIVE (low), the modem is i ndica ting 
that It is ready to exchange data with the 82C50A, while the DSR Pin 
INACTIVE (high) indicates that the modem is not ready for data 
exchange. The ACTIVE condition indicates only the condition of the 
local Data Communications Equipment (DCE), and does not imply that 
a data circuit as been established with remote equipment. 
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82C50A 


Pin Description 


SYMBOL 

PIN 

NUMBER 

TYPE 

ACTIVE 

LEVEL 

DESCRIPTION 

DTR 

33 

0 

L 

DATA TERMINAL READY: The DTR pm can be set (low) by writing a 
logic 1 to MCR(O), Modem Control Register bit 0. This signal is cleared 
(high) by writing a logic 0 to the DTR bit (MCR(O)) or whenever a MR 
ACTIVE (high) is applied to the 82C50A. When ACTIVE (low), DTR pm 
indicates to the DCE that the 82C50A is ready to receive data In some 
instances, DTR pm is used as a power on indicator The INACTIVE 
(high) state causes the DCE to disconnect the modem from the 
telecommunications circuit. 

RTS 

32 

0 

L 

REQUEST TO SEND. The RTS signal is an output used to enable the 
modem The RTS pm is set low by writing a logic 1 to MCR(1) bit 1 of the 
Modem Control Register. The RTS pm is reset high by Master Reset 
When ACTIVE, the RTS pm indicates to the DCE that the 82C50A has 
data ready to transmit. In half duplex operations, RTS is used to control 
the direction of the line. 

BAUDOUT 

15 

0 


BAUDOUT- This output is a 16X clock out used for the transmitter 
section (16X = 16 times the data rate) The BAUDOUT clock rate is equal 
to the reference oscillator frequency divided by the specified divisor in 
the Baud Rate Generator Divisor Latches DLL and DLM. BAUDOUT 
may be used by the Receiver section by tying this output to RCLK. 

OUT1 

34 

0 

L 

OUTPUT 1 This IS a general purpose output that can be programmed 
ACTIVE (low) by setting MCR(2) (OUT1) of the Modem Control 
Register to a high level. The OUT 1 pm is set high by Master Reset. The 
OUT1 pm is INACTIVE (high) during loop mode operation. 



0 

L 

OUTPUT 2. This is a general purpose output that can be programmed 
ACTIVE (low) by setting MCR(3) (OUT2) of the Modem Control 
Register to a high level The OUT2 pm is set high by Master Reset. The 
OUT2 signal is INACTIVE (high) during loop mode operation. 

Rl 

39 

I 

L 

RING INDICATOR. When low, W\ indicates that a telepfione ringing 
signal has been received by the modem or data set. The Rl signal is a 
modem control input whose condition is tested by reading MSR(6) (Rl). 
The Modem Status Register output TERI (MSR(2)) indicates whether 
the Rl input has changed from a Low to High since th^revious reading 
ofthe MSR. If the interrupt is enabled (IER(3)=1) and Rl changes frorna 
Low to High, an interrupt is generated. The ACTIVE (low) state of Rl 
indicates that the DCE is receiving a ringing signal. Rl will appear 
ACTIVE for approximately the same length of time as_the ACTIVE 
segment of the ringing cycle The INACTIVE state of Rl will occur 
during the INACTIVE segments of the ringing cycle, or when ringing is 
not detected by the DCE. This circuit is not disabled by the INACTIVE 
condition of DTR. 

DCD 

38 

I 

L 

DATA CARRIER DETECT. When ACTIVE (low), DCD indicates that the 
data carrier has been detected by the modem or data set. DCD is a 
modem input whose condition can be tested by the CPU by reading 
MSR(7) (DCD) of the Modem Status Register. MSR(3) (DDCD) of the 
Modem Status Register indicates whether the DCD input has changed 
since the previous reading of the MSR. DCD has no effect on the 
receiver. If the DCD changes state with the modem status interrupt 
enabled, an interrupt is generated. 

When DCD is ACTIVE (low), the received line signal from the remote 
terminal is within the limits specified by the DCE manufacturer. The 
INACTIVE (high) signal indicates that the signal is not within the 
specified limits, or is not present. 
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82C50A 


Pin Description 


SYMBOL NUMBER TYPE 


DESCRIPTION 




MASTER RESET. The MR input forces the 82C50A into an idle mode in 
which all serial data activities are suspended. The Modem Control 
Register (MCR) along with its associated outputs are cleared. The Line 
Status Register (LSR) is cleared except for the THRE and TEMT bits, 
which are set. The 82C50A remains in an idle state until programmed to 
resume serial data activities. The MR input is a Schmitt trigger input 
See the D. C. Electrical Characteristics for Schmitt trigger logic input 
voltage levels. See Table 7 for a summary of Master Reset’s effect on 
82C50A operation. 


INTERRUPT REQUEST. The INTRPT output goes ACTIVE (high) when 
one of the following interrupts has an ACTIVE (high) condition and is 
enabled by the Interrupt Enable Register Receiver Error flag, Received 
Data Available, Transmitter Holding Register Empty, and Modem 
Status. The INTRPT is reset low upon appropriate service or a MR 
operation. See Figure 1. Interrupt Control Structure. 


SERIAL DATA INPUT. The SIN input is the serial data input from the 
communication line or modem to the 82C50A receiver circuits. A mark 
(1) is high, and a space (0) is low. Data inputs on SIN are disabled when 
operating in the loop mode. 


VCC: +5 volt positive power supply pm. A 0.1//A decoupling capacitor 
from VCC (pm 40) to GND (pin 20) is recommended. 



CHIP SELECT OUT: When ACTIVE (high), this pin indicates that the 
chip has been selected by active CSO, CS1, and CS2 inputs. No data 
transfer can be initiated until CSOUT is a logic 1, ACTIVE (high). 


DRIVER DISABLE: This output is INACTIVE (low) when the CPU is 
reading data from the 82C50A. An ACTIVE (high) DDIS output can be 
used to disable an external transceiver when the CPU is reading data. 


ADDRESS STROBE: When ACTIVE (low), ADS latches the Register 
Sele ct (A0,A1,A2) and Chip Select (CSO, CS1, CS2) inputs. An active 
ADS is required when the Register Select pins are not stable for the 
duration of the read or write operation, multiplexed mode. If not 
required, the ADS input should be tied low, non-multiplexed mode. 


























82C50A 


Block Diagram 



Accessible Registers 

The three types of internal registers in the 82C50A used in the 
operation of the device are control, status, and data registers. 
The control registers are the Bit Rate Select Register DLL and 
DLM, Line Control Register, Interrupt Enable Register and 
the Modem Control registers, while the status registers are 
the Line Status Registers and the Modem Status Register. 
The data registers are the Receiver Buffer Register and 
Transmitter Holding Register. The Address, Read, and Write 
inputs are used in conjunction with the Divisor Latch Access 
Bit in the Line Control Register (LCR(7)) to select the register 
to be written or read (see Table 1.). Individual bits within 
these registers are referred to by the register mnemonic and 
the bit number in parenthesis. An example, LCR(7) refers to 
Line Control Register Bit 7. 


TABLE 1. ACCESSING 82C50A INTERNAL REGISTERS 


DLAB 

A2 

A1 

AO 

MNEMONIC 

REGISTER 

0 

0 

0 

0 

RBR 

Receiver Buffer Register 
(read only) 

0 

0 

0 

0 

THR 

Transmitter Holding 
Register (write only) 

0 

0 

0 

1 

lER 

Interrupt Enable Register 

X 

0 

1 

0 

MR 

Interrupt Identification 
Register (read only) 

X 

0 

1 

1 

LCR 

Line Control Register 

X 

1 

0 

0 

MCR 

Modem Control Register 

X 

1 

0 

1 

LSR 

Line Status Register 

X 

1 

1 

0 

MSR 

Modem Status Register 

X 

1 

1 

1 

SCR 

Scratch Register 

1 

0 

0 

0 

DLL 

Divisor Latch (LSB) 

1 

0 

0 

1 

DLM 

Divisor Latch (MSB) 


X = “Don’t Care” O = Logic Low 1 = Logic High 


The Transmitter Buffer Register and Receiver Buffer 
Register are data registers holding from 5-8 data bits. If 
less than eight data bits are transmitted, data is right 
justified to the LSB. Bit 0 of a data word is always the first 
serial data bit received and transmitted. The 82C50A data 


registers are double buffered so that read and write 
operations can be performed at the same time the DART is 
performing the parallel to serial nd serial to parallel 
conversion. This provides nicroprocessor with 
increased flexibility in its read and write timing. 



= 5 DATA BITS 
= 6 DATA BITS 
= 7 DATA BITS 
= B DATA BITS 
) STOP BIT 

1 5 STOP BITS 

IF 5 DATA BIT WORD 
LENGTH IS SELECTED 

2 STOP BITS IF 6 7 OR 8 
DATA BIT WORD LENGTH 
IS SELECTED 

PARITY DISABLED 
PARITY ENABLED 
{GENERATED & CHECKED) 

ODD PARITY WHEN 
PARITY IS ENABLED 
EVEN PARITY WHEN 
PARITY IS ENABLED 

STICK PARITY DISABLED 
WHEN PARITY IS ENABLED 
FORCES THE TRANSMISSION 
AND CHECKING OF A PARITY 
BIT OF A KNOWN STATE 
PARITY BIT FORCED TO 
A LOGIC t IF LCfl |4| = 0 OR 
TO A LOGIC 0 IF LCR |4| = 1 

BREAK DISABLED 
BREAK ENABLED 
THE SERIAL OUTPUT (SOUT) 

IS FORCED TO THE SPACING 
(LOGIC 0| STATE 

MUST BE LOW TO 
ACCESS THE RECEIVER BUFFER 
TRANSMITTER HOLDING REGISTER DR 
THE INTERRUPT ENABLE REGISTER 
MUST BE HIGH TO ACCESS THE DIVISOR 
LATCHES DLL AND OLM OF THE BAUD RATE 
GENERATOR DURING A READ OR WRITE 
OPERATION 
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Line Control Register (LCR) 

The format of the data character is controlled by the Line 
Control Register. The contents of the LCR may be read, 
eliminating the need for separate storage of the line char¬ 
acteristics in system memory. The contents of the LCR 
are described below. 

LCR Bits 0 thru 7 

LCR (0) Word Length Select Bit 0 (WLSO) 

LCR (1) Word Length Select Bit 1 (WLS1) 

LCR (2) Stop Bit Select (STB) 

LCR (3) Parity Enable (PEN) 

LCR (4) Even Parity Select (EPS) 

LCR (5) Stick Parity 
LCR (6) Set Break 

LCR (7) Divisor Latch Access Bit (DLAB) 

LCR(O) and LCR(1) word length select bitO, word length 
select bit 1: The number of bits in each transmitted or re¬ 
ceived serial character is programmed as follows 


LCR(1) 

LCR(O) 

WORD LENGTH 

1 

0 

0 

5 Bits 

0 

1 

6 Bits 

1 

0 

7 Bits 

1 

1 

8 Bits 


LCR(2) Stop Bit Select: LCR(2) specifies the number of 
stop bits in each transmitted character. If LCR(2) is a logic 
0, one stop bit is generated in the transmitted data. If 
LCR(2) is a logic 1 when a 5 bit word length is selected, 1.5 
stop bits are generated. If LCR(2) is a logic 1 when either a 
6-, 7-, or 8-bit word length is selected, two stop bits are 
generated. The receiver checks for two stop bits if pro¬ 
grammed. 

LCR(3): Parity Enable; When LCR(3) is high, a parity bit 
between the last data word bit and stop bit is generated 
and checked. 

LCR(4) Even Parity Select: When parity is enabled 
(LCR(3)=1), LCR(4)=0 selects odd parity, and LCR(4)=1 
selects even parity. 

LCR(5) Stick Parity: When parity is enabled (LCR(3)=1), 
LCR(5)=1 causes the transmission and reception of a par¬ 
ity bit to be in the opposite state from that indicated by 
LCR(4). This allows the user to force parity to a known 
state and for the receiver to check the parity bit in a known 
state. 

LCR(6) Break Control: When LCR(6) is set to logic-1, the 
serial output (SOUT) is forced to the spacing (logic 0) 
state. The break is disabled by setting LCR(6) to a logic-0. 
The Break Control bit acts only on SOUT and has no 
effect on the transmitter logic. Break Control enables the 


CPU to alert a terminal in a computer communications 
system. If the following sequence is used, no erroneous or 
extraneous characters will be transmitted because of the 
break. 

1. Load an ail Os pad character in response to THRE. 

2. Set break in response to the next THRE. 

3. Wait for the transmitter to be idle, (TEMT=1), and 
clear break when normal transmission has to be 
restored. 

During the break, the transmitter can be used as a charac¬ 
ter timer to accurately establish the break duration. 

LCR(7) Divisor Latch Access Bit (DLAB): LCR(7) must be 
set high (logic 1) to access the Divisor Latches DLL and 
DLM of the Baud Rate Generator during a read or write 
operation. LCR(7) must be input low to access the 
Receiver Buffer, the Transmitter Holding Register, or the 
Interrupt Enable Register. 

Line Status Register (LSR) 

The LSR is a single register that provides status indica¬ 
tions. The LSR is usually the first register read by the CPU 
to determine the cause of an interrupt or to poll the status 
of the 82C50A. 

Three error flags OE, FE, and PE provide the status of any 
error conditions detected in the receiver circuitry. During 
reception of the stop bits, the error flags are set high by an 
error condition. The error flags are not reset by the 
absence of an error condition in the next received charac¬ 
ter. The flags reflect the last character only if no overrun 
occured. The Overrun Error (OE) indicates that a charac¬ 
ter in the Receiver Buffer Register has been overwritten by 
a character from the Receiver Shift Register before being 
read by the CPU. The character is lost. Framing Error (FE) 
indicates that the last character received contained incor¬ 
rect (low) stop bits. This is caused by the absence of the 
required stop bit or by a stop bit too short to be detected. 
Parity Error (PE) Indicates that the last character received 
contained a parity error based on the programmed and 
calculated parity of the received character. 

The Break Interrupt (Bl) status bit indicates that the last 
character received was a break character. A break charac¬ 
ter is an Invalid data character, with the entire character, 
Including parity and stop bits, logic zero. 

The Transmitter Holding Register Empty (THRE) bit indi¬ 
cates that the THR register is empty and ready to receive 
another character. The Transmission Shift Register 
Empty (TEMT) bit indicates that the Transmitter Shift 
Register is empty, and the 82C50A has completed trans¬ 
mission of the last character. If the interrupt is enabled 
(IER(1)), an active THRE causes an interrupt (INTRPT). 
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The Data Ready (DR) bit indicates that the RBR has been 
loaded with a received character (including Break) and 
that the CPU may access this data. 

Reading the LSR clears LSR(1)-LSR(4). (OE, PE, FE & 
Bl) 


LSR Bits 0 Thru 7 



LOGIC 1 

LOGIC 0 




LSR (0) Data Ready (DR) 

Ready 

Not Ready 

LSR (1) Overrun Error (OE) 

Error 

No Error 

LSR (2) Parity Error (PE) 

Error 

No Error 

LSR (3) Framing Error (FE) 

Error 

No Error 

LSR (4) Break Interrupt (Bl) 

Break 

No Break 

LSR (5) Transmitter Holding 

Register Empty (THRE) 

Empty 

Not Empty 

LSR (6) Transmitter Empty (TEMT) 
LSR (7) Not Used 

Empty 

Not Empty 


The contents of the Line Status Register are indicated in 
the above table and are described below. 


LSR(5) Transmitter Holding Register Empty (THRE): 
THRE indicates that the 82C50A is ready to accept a new 
character for transmission. The THRE bit is set high when 
a character is transferred from the Transmitter Holding 
Register into the Transmitter Shift Register. LSR(5) is re¬ 
set low by the loading of the Transmitter Holding Register 
by the CPU. LSR(5) is not reset by a CPU read of the LSR. 

When the THRE interrupt is enabled (IER(1)=1), THRE 
causes a priority 3 interrupt in the HR. If THRE is the inter¬ 
rupt source indicated in MR, INTRPT is cleared by a read 
of the MR. 

LSR(6) Transmitter Empty (TEMT): TEMT is set high 
when the Transmitter Holding Register (THR) and the 
Transmitter Shift Register (TSR) are both empty. LSR(6) 
is reset low when a character is loaded into the THR and 
remains low until the character is transferred out of 
SOUT. TEMT is not reset low by a CPU read of the LSR. 

LSR(7): This bit is permanently set to logic 0. 

Modem Control Register (MCR) 


LSR(O) Data Ready (DR): Data Ready Is set high when an 
incoming character has been received and transferred 
into the Receiver Buffer Register. LSR(O) is reset low by a 
CPU read of the data in the Receiver Buffer Register. 

LSR(1) Overrun Error (OE): Overrun Error indicates that 
data in the Receiver Buffer Register was not read by the 
CPU before the next character was transferred into the 
Receiver Buffer Register, overwriting the previous char¬ 
acter. The OE indicator is reset whenever the CPU reads 
the contents of the Line Status Register. 

LSR(2) Parity Error (PE): Parity Error indicates that the re¬ 
ceived data character does not have the correct even or 
odd parity, as selected by the Even Parity Select bit 
(LCR(4)). The PE bit is set high upon detection of a parity 
error, and is reset low when the CPU reads the contents of 
the LSR. 

LSR(3) Framing Error (FE): Framing Error indicates that 
the received character did not have a valid stop bit. LSR(3) 
Is set high when the stop bit following the last data bit or 
parity bit is detected as a zero bit (spacing level). The FE 
indicator is reset low when the CPU reads the contents of 
the LSR. 

LSR(4) Break Interrupt (Bl): Break Interrupt Is set high 
when the received data input is held in the spacing (logic 
0) state for longer than a full word transmission time (start 
bit + data bits + parity + stop bits). The Bl indicator is reset 
when the CPU reads the contents of the Line Status 
Register. 


The MCR controls the interface with the modem or data 
set as de s cribe d below . Th e MCR can be written and read. 
The RTS, DTR, OUT1, and OUT2 outputs are directly con¬ 
trolled by their control bits in this register. A high input 
asserts a low (true) at the output pins. 


MCR Bits 0 thru 7 



MCR BIT 
LOGIC 1 

MCR BIT 
LOGIC 0 





MCR (0) Data Terminal Ready 

DTR 

DTR 

(DTR) 

Output Low 

Output High 

MCR (1) Request to Send 

RTS 

RTS 

(RTS) 

Output Low 

Output High 

MCR (2) OUT1 

oUn 

oUri 


Output Low 

Output High 

MCR (3) OUT2 

OUT2 

OUT2 


Output Low 

Output High 

MCR (4) LOOP 

LOOP 

LOOP 


Enabled 

Disabled 

MCR (5) 0 



MCR (6) 0 



MCR (7) 0 




MCR(O): When MCR(O) is set high, the DTR output is 
forced low. When MC R(O) is reset low, the DTR output is 
forced high. The DTR output of the 82C50A may be input 
into an EIA inverting line driver as the 1488 to obtain the 
proper polarity input at the modem or data set. 


LSR(1) - LSR(4) are the error conditions that produce a 
Receiver Line Status interrupt (priority 1 interrupt in the 
Interrupt Identification Register (MR)) when any of the 
conditions are detected. This interrupt is enabled by set¬ 
ting IER(2)=1 in the Interrupt Enable Register. 


MCR(1): When MCR(1) is set high, the RTS output is 
forced low. Whe n MC R(1) is reset low, the RTS output is 
forced high. The RTS output of the 82C50A may be input 
into an EIA inverting line driver as the 1488 to obtain the 
proper polarity input at the modem or data set. 
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MCR(2): When MCR(2) is set high, the QU'H output is 
forced iow. When M CR(2) is reset iow, the oUtl output is 
forced high. OUT1 is an user designated output. 

MCR(3): When MCR(3) is set high, the OUT2 output is 
forced low. When M CR(3) is reset low, the OUT2 output is 
forced high. OUT2 is an user designated output. 

MCR(4): MCR(4) provides a local loopback feature for 
diagnostic testing of the 82C50A. When MCR(4) is set 
high. Serial Output (SOUT) is set to the marking (logic 1) 
state, and the receiver data input Serial Input (SIN) is dis¬ 
connected. The output of the Transmitter Shift Register is 
looped back into the Receiv er Sh i ft Re gister inpiJt. The 
four modem control Inputs (CTS, DSR, DC, and R l) are 
disconnecte d. Th e fou r modem control outputs (DTR, 
RTS, OUT1 and OUT2) are internally connected to the 
four modem control inputs. The modem control output 
pins are forced to their inactive state (high). In the diag¬ 
nostic mode, data transmitted is immediately received. 
This allows the processor to verify the transmit and 
receive data paths of the 82C50A. 

In the diagnostic mode, the receiver and transmitter Inter¬ 
rupts are fully operational. The modem control interrupts 
are also operational, but the interrupt sources are nowthe 
lower four bits of the MCR instead of the four modem 
control inputs. The interrupts are still controlled by the 
Interrupt Enable Register. 

MCR(6) - MCR(7); These bits are permanently set to 
logic 0. 


MODEM CONTROL REBISTER |MCR| 

DATA 0 » DTR OUTPUT HIBHIINACTIVE) 

TERMINAL | = OTR OUTPUT LOW |ACTIVE| 

READY _ 

REQUEST 0 = m OUTPUT HIBH (INACTIVE) 

TO I = RTS OUTPUT LOW (ACTIVE) 

SEND 

OUT) 0 = Om OUTPUT HIBH (INACTIVE) 

1 s OUT I OUTPUT LOW (ACTIVE) 

OUT 2 0 = oOtT output HIBH (INACTIVE) 

1 = OUT 2 OUTPUT LOW (ACTIVE) 

LOOP 0 s L00P0I8ABLE0 

1 s LOOP ENABLED. 

THESE BITS ARE PERMANENTLY SET TO A LOfilC 0. 



Modem Status Register (MSR) 

The MSR provides the CPU with status of the modem in¬ 
put lines from the modem or peripheral device. The MSR 
allows the CPU to read the modem signal inputs by acces¬ 
sing the data bus Interface of the 82C50A. In addition to 


the current status Information, four bits of the MSR indi¬ 
cate whether the modem inputs have changed since the 
last reading of the MSR. The delta status bits are set high 
when a control input from the modem changes state, and 
reset iow when the CPU reads the MSR. 

The modem i nput l ines are CTS (pin 36), bSR (pin 37),^ 
(pin 39), and DCD (pin 38). MSR(4) - MSR(7) are status 
indications of these lines. The status indications follow 
the status of the input lines, if the modem status interrupt 
in the Interrupt Enable Register is enabled (IER(3)), a 
change of state in a modem input signals will be reflected 
by the modem status bits in the HR register, and an 
interrupt (INTRPT) is generated. The MSR is a priority 4 
interrupt. The contents of the Modem Status Register are 
described below: 

Note that the state (high or low) of the status bits are in¬ 
verted versions of the actual input pins. 


MSR Bits 0 thru 7 


MSR BIT 

MNEMONIC 

DESCRIPTION 

MSR (1) 

DDSR 

Delta Data Set Ready 

MSR (2) 

TERI 

Trailing Edge of Ring 
Indicator 

MSR (0) 

DCTS 

Delta Clear To Send 

MSR (3) 

DDCD 

Delta Data Carrier Detect 

MSR (4) 

CTS 

Clear To Send 

MSR (5) 

DSR 

Data Set Ready 

MSR (6) 

Rl 

Ring Indicator 

MSR (7) 

DCD 

Data Carrier Detect 


MS R(O) Delta Clear to Send (DCTS): DCTS indicates that 
the CTS input (Pin-36) to the 82C50A has changed state 
since the last time it was read by the CPU. 

MSR(1) Delta Data Set Ready (DDSR): DDSR indicates 
that the DSR input (Pin-37) to the 82C60A has changed 
state since the last time It was read by the CPU. 

MSR(2) Trailing Edge of Ring Indicator (TERI): TERI indi¬ 
cates that the Rl input (Pin-39) to the 82C50A has 
changed state from Low to High since the last time it was 
read by the CPU. High to Low transitions on Rl do not 
activate TERI. 

MSR(3) Delta Data C arrier Detect (DDCD): DDCD Indi¬ 
cates that the DCD input (Pin-38) to the 82C50A has 
changed state since the last time it was read by the CPU. 

MSR(4) Clea r to S end (CTS): Clear to Send (CTS) is the 
status of the CTS input (Pin-36) from the modem indicat¬ 
ing to the 82C50A that the modem Is ready to receive data 
from the 82C50A transmitter output (SOUT). If the 
82C50A is In the loop mode (MCR(4)=1), MSR(4) is 
equivalent to RTS in the MCR. 

MSR(5) Data Set R eady (DSR): Data Set Ready (DSR) Isa 
status of the DSR input (Pin-37) from the modem to the 
82C50A which indicates that the modem is ready to pro¬ 
vide received data to the 82C50A receiver circuitry. If the 
82C50A is in the loop mode (MCR(4)=1), MSR(5) is 
equivalent to DTR In the MCR. 
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MSR(6) Ring Indicator MSR(6): Indicates the status of the 
Rl input (Pin-39). If the 82C50A is in the loop mode 
(MCR(4)=1), MSR(6) is equivalent to OUT1 in the MCR. 

MSR(7) Data Carrier Detect (MS R(7)). Data Carrier 
Detect indicates the status of the Data Carrier Detect 
(DCD) input (Pin-38). If the 82C50A is in the loop mode 
(MCR(4)=1), MSR(4) is equivalent to OUT2 of the MCR. 

The modem status inputs (Rl, DCD, DSR and CTS) reflect 
the modem input lines with any change of status. Reading 
the MSR register wiii dear the deita modem status indica¬ 
tions but has no effect on the status bits. The status bits 
reflect the state of the input pins regardless of the mask 
control signals. If a DCTS, DDSR, TERI, or DDCDaretrue 
and a s tate c hange occurs during a read operation 
(DISTR, DISTR), the state change is not indicated in the 
MSR If DCTS, DDSR, TERI, or DDCD are false and a state 
change occurs during a read operation, the state change 
IS indicated after the read operation. 

For LSR and MSR, the setting of s tatus b its is inhibited 
during status register read (DISTR DISTR) operations. If 
a status condition is generated during a read (DISTR, 
DISTR) operation, the stat us bit is not set until the trailing 
edge of the read (DISTR, DISTR). 


If a status bit is set during a read (DISTR, DISTR) opera¬ 
tion, and the same status condition occurs, that status bit 
will be cleared at the trailing edge of the read (DISTR, 
DISTR) instead of being set again. 

Baud Rate Select Register (BRSR) 

The 82C50A contains a programmable Baud Rate Gener¬ 
ator (BRG) that divides the clock (DC to 10 MHz) by any 
divisor from 1 to (see also BRG description). The 

output frequency of the Baud Generator is 16X the data 
rate [divisor # = frequency input -f (baud rate x 16)]. Two 
8-bit divisor latch registers store the divisor in a 16 bit 
binary format. These Divisor Latch registers must be 
loaded during initialization. Upon loading either of the 
Divisor Latches, a 16-bit Baud counter is immediately 
loaded. This prevents long counts on initial load. 

Sample Divisor Number Calculation: 

Given: Desired Baud Rate 1200 Baud 

Frequency Input 1.8432 MHz 

Formula: Divisor # = Frequency Input -f (Baud Rate x 16) 
Divisor # = 1843200 ^ (1200 x 16) 

Answer: Divisor # = 96 = 60 heX DLL = 01100000 

DLM = 00000000 

Check: The Divisor # 96 will divide the input frequency 
1.8432 MHz down to 19200 which is 16 times the 
desired baud rate. 


Divisor Latch Least Significant BYTE 

DLL (0) 

BitO 

DLL (1) 

Bit 1 

DLL (2) 

Bit 2 

DLL (3) 

Bit 3 

DLL (4) 

Bit 4 

DLL (5) 

Bits 

DLL (6) 

Bit 6 

DLL (7) 

Bit 7 

Divisor Latch Most Significant BYTE 

DLM (0) 

Bit 8 

DLM (1) 

Bit 9 

DLM (2) 

Bit 10 

DLM (3) 

Bit 11 

DLM (4) 

Bit 12 

DLM (5) 

Bit 13 

DLM (6) 

Bit 14 

DLM (7) 

Bit 15 


Receiver Buffer Register (RBR) 

The receiver circuitry in the 82C50A is programmable for 
5,6,7 or 8 data bits per character. For words of less than 8 
bits, the data is right justified to the least significant bit 
(LSB = Data BitO (RBR (0)). Data BitOof adataword (RBR 
(0)) is the first data bit received. The unused bits in a char¬ 
acter less than 8 bits are output low to the parallel output 
by the 82C50A. 

Received data at the SIN input pin is shifted into the 
Receiver Shift Register by the 16X clock provided at the 
RCLK input. This clock is synchronized to the incoming 
data based on the position of the start bit. When a 
complete character is shifted into the Receiver Shift 
Register, the assembled data bits are parallel loaded into 
the Receiver Buffer Register. The DR flag in the LSR 
register is set. 

Double buffering of the received data permits continuous 
reception of data without losing received data. While the 
Receiver Shift Register is shifting a new character into the 
82C50A, the Receiver Buffer Register is holding a previ¬ 
ously received character for the CPU to read. Failure to 
read the data in the RBR before complete reception of the 
next character result in the loss of the data in the Receiver 
Register. The OE flag in the LSR register indicates the 
overrun condition. 

RBR Bits 0 thru 7 


RBR 

(0) 

Data 

Bit 

0 

RBR 

(1) 

Data 

Bit 

1 

RBR 

(2) 

Data 

Bit 

2 

RBR 

(3) 

Data 

Bit 

3 

RBR 

(4) 

Data 

Bit 

4 

RBR 

(5) 

Data 

Bit 

5 

RBR 

(6) 

Data 

Bit 

6 

RBR 

(7) 

Data 

Bit 

7 
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Transmitter Holding Register (THR) 


interrupt Structure 


The Transmitter Holding Register (THR) holds parallel 
data from the data bus (D0-D7) until the Transmitter Shift 
Register is empty and ready to accept a new character for 
transmission. The transmitter and receiver word length 
and number of stop bits are the same. If the character is 
less than eight bits, unused bits at the microprocessor 
data bus are ignored by the transmitter. 

Data Bit 0 (THR (0)) is the first serial data bit transmitted. 
The THRE flag (LSR (5)) reflect the status of the THR. The 
TEMT flag (LSR (6)) indicates if both the THR and TSR are 
empty. 


THR Bits 0 thru 7 

THR (0) 

THR (1) 

THR (2) 

THR (3) 

THR (4) 

THR (5) 

THR (6) 

THR (7) 

Scratchpad Register (SCR) 


Data Bit 0 
Data Bit 1 
Data Bit 2 
Data Bit 3 
Data Bit 4 
Data Bit 5 
Data Bit 6 
Data Bit 7 


This 8-bit Read/Write register has no effect on the 
82C50A. It is intended as a scratchpad register to be used 
by the programmer to hold data temporarily. 


SCR Bits 0 thru 7 


SCR (0) 
SCR (1) 
SCR (2) 
SCR (3) 
SCR (4) 
SCR (5) 
SCR (6) 
SCR (7) 


Data Bit 0 
Data Bit 1 
Data Bit 2 
Data Bit 3 
Data Bit 4 
Data Bit 5 
Data Bit 6 
Data Bit 7 


interrupt Identification Register (HR) 

The 82C50A has interrupt capability for interfacing to 
current microprocessors. In order to minimize software 
overhead during data character transfers, the 82C50A 
prioritizes interrupts into four levels. The four levels of 
interrupt conditions are as follows: 

1. Receiver Line Status (priority 1) 

2. Received Data Ready (priority 2) 

3. Transmitter Holding Register Empty (priority 3) 

4. Modem Status (priority 4). 

Information indicating that a prioritized interrupt is 
pending and the type of interrupt is stored in the Interrupt 
Identification Register (HR). When addressed during chip 
select time, the MR indicates the highest priority interrupt 
pending. No other interrupts are acknowledged until the 
interrupt is serviced by the CPU. The contents of the HR 
are indicated in Table 2 and are described below. 

HR(0): HR(0) can be used in either a hardwired prioritized 
or polled environment to indicate whether an interrupt is 
pending. When HR(0) is low, an Interrupt is pending, and 
the HR contents may be used as a pointer to the 
appropriate interrupt service routine. When HR(0) is high, 
no interrupt is pending. 

HR(1) and HR(2): HR(1) and HR(2) are used to identify the 
highest priority interrupt pending as indicated in Table 2. 

HR(3) - HR(7): These five bits of the HR are logic 0. 

Interrupt Enable Register (lER) 

The Interrupt Enable Register (lER) is a Write register 
used to independently enable the four 82C50A interrupts 
which activate the interrupt (INTRPT) output. All 
interrupts are disabled by resetting lER(O) - IER(3) of 


TABLE 2. INTERRUPT IDENTIFICATION REGISTER 
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the Interrupt Enable Register. Interrupts are enabled by 
setting the appropriate bits of the iER high. Disabling the 
interrupt system inhibits the interrupt Identification 
Register and the active (high) INTRPT output. All other 
system functions operate in their normai manner, 
including the setting of the Line Status and Modem Status 
Registers. The contents of the Interrupt Enable Register 
are indicated in Table 3 and are described below. 

lER(O): When programmed high (IER(0)=Logic 1), lER(O) 
enabies Received Data Avaiiable interrupt. 

IER(1): When programmed high (IER(1)=Logic 1), IER(1) 
enables the Transmitter Holding Register Empty 
interrupt. 

IER(2): When programmed high (IER(2)=Logic 1), IER(2) 
enables the Receiver Line Status interrupt. 

IER(3): When programmed high (IER(3)=Logic 1), IER (3) 
enables the Modem Status interrupt. 


IER(7): These four bits of the IER are logic 0. 



ERBFI (IER BIT 0) 

THRE ILSR BIT 5| 

ETBEI (IER BIT 1) 

OE ILSR BIT 1) 
PE (LSR BIT 2) 
FE ILSR BIT 31 
Bl ILSR BIT 4| 
ELSI (IER BIT 2) 
OCTS (MSR BIT 0) 
DDSR IMSR BIT I) 
TERI (MSR BIT 2| 
OOCD IMSR BIT 3| 
EOSSI (IER BIT 3) 


FIGURE 1. 82C50A INTERRUPT CONTROL STRUCTURE 


REGISTER 
MNEMONIC I BIT 7 


TABLE 3. 82C50A ACCESSIBLE REGISTER SUMMARY 

(NOTE See Table 1 for how to access these registers) 


REGISTER BIT NUMBER 


RBR 

(Read Only) 


1 — ■ 

■■I 










MR 

(Read Only) 

















(EDSSI) 

Enable 

Modem 

Status 

Interrupt 



(TEMT) (THRE) (Bl) (FE) 

Transmitter Transmitter Break Framing 

Empty Holding Interrupt Error 

Register 
Empty 


(DCD) (Rl) (DSR) 

Data Ring Data 

Carrier Indicator Set 

Detect Ready 


(ELSI) 

Enable 

Receiver 

Line 

Status 

Interrupt 


Interrupt 

ID 

Bit (1) 







(ETBEI) 

Enable 

Transmitter 

Holding 

Register 

Empty 

Interrupt 


Interrupt 

ID 

Bit (0) 


(WLSB1) 
Word 
Length 
Select 
Bit 1 


(RTS) 

Request 

To 

Send 



(ERBFI) 

Enable 

Received 

Data 

Available 

Interrupt 


“0" IF 
Interrupt 
Pending 


(WLSBO) 

Word 

Length 

Select 

BitO 


(DTR) 

Data 

Terminal 

Ready 






LSB, Data Bit 0 is the first bit transmitted or received. 
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Transmitter 

The serial transmitter section consists of a Transmitter 
Holding Register (THR), Transmitter Shift Register 
(TSR), and associated control logic. The Transmitter 
Holding Register Empty (THRE) and Transmitter Shift 
Register Empty (TEMT) are two bits in the Line Status 
Register which indicate the status of THR and TSR. To 
transmit a 5-8 bit word, the word is written through D0-D7 
to the THR. The microprocessor should perform a write 
operation only if THRE is high. The THRE is set high when 
the word is automatically transferred from the THR to the 
TSR during the transmission of the start bit. 

When the transmitter is idle, both THRE and TEMT are 
high. The first word written causes THRE to be reset to 0. 
After completion of the transfer, THRE returns high. 
TEMT remains low for at least the duration of the 
transmission of the data word. If a second character is 
transmitted to the THR, the THRE is reset low. Since the 
data word cannot be transferred from the THR to the TSR 
until the TSR is empty, THRE remains low until the TSR 
has completed transmission of the word. When the last 
word has been transmitted out of the TSR, TEMT is set 
high THRE is set high one THR to TSR transfer time later. 

Receiver 

Serial asynchronous data is input into the SIN pin. The 
Idle state of the line providing the input into SIN is high. A 
start bit detect circuit continually searches for a high to 
low transition from the idle state. When the transition is 
detected, a counter is reset, and counts the 16X clock to 7 
1/2, which IS the center of the start bit. The start bit is valid 
if the SIN is still low at the mid bit sample of the start bit. 
Verifying the start bit prevents the receiver from assem- 
biing an incorrect data character due to a low going noise 
spike on the SIN input. 

The Line Control Register determines the number of data 
bits in a character (LCR(O), LCR(1)), number of stop bits 
LCR(2), if parity is used LCR(3), and the polarity of parity 
LCR(4). Status information for the receiver is provided in 
the Line Status Register. When a character is transferred 
from the Receiver Shift Register to the Receiver Buffer 
Register, the Data Received indication in LSR(O) is set 
high. The CPU reads the Reciver Buffer Register through 
D0-D7. This read resets LSR(O). If D0-D7 are not read 
prior to a new character transfer from the RSR to the RBR, 
the overrun error status indication is set in LSR(1). The 
parity check tests for even or odd parity on the parity bit, 
which precedes the first stop bit. If there is a parity error, 
the parity error is set in LSR(2). There is circuitry which 
tests whether the stop bit is high. If it is not, a framing error 
indication is generated in LSR(3). 

The center of the start bit is defined as clock count71/2. If 
the data into SIN is a symmetrical square wave, the center 
of the data cells will occur within ± 3.125% of the actual 


center, providing an error margin of 46.875%, The start bit 
can begin as much as one 16X clock cycle prior to being 
detected. 

Baud Rate Generator (BRG) 

The BRG generates the clocking for the UART function, 
providing standard ANSI/CCITT bit rates. The oscillator 
driving the BRG may be provided either with the addition 
of an external crystal to the XTAL1 and XTAL2 inputs, or 
an external cl ock into XT AL1. In either case, a buffered 
clock output, BAUDOUT, is provided for other system 
clocking. If two 82C50As are used on the same board, one 
can use a crystal, and the buffered clock output can be 
routed directly into the XTAL1 of the second 82C50A. 

The data rate is determined by the Divisor Latch registers 
DLL and DLM and th e external frequency or crystal input, 
with the BAUDOUT providing an output 16X the data rate. 
The bit rate is selected by programming the two divisor 
latches. Divisor Latch Most Significant Byte and Divisor 
Latch Least Significant Byte. Setting DLL=1 and DLM=0 
selects the divisor to divide by 1 (divide by 1 gives maxi¬ 
mum baud rate for a given input frequency at XTAL 1). 
The on-chip oscillator is optimized for a 10 MHz crystal. 
Usually, higher frequency are less expensive than lower 
frequency crystals. 

The BRG can use any of three different popular crystals to 
provide standard baud rates. The frequency of these three 
common crystals on the market are 1.8432 MHz, 2.4576 
MHz, and 3.072 MHz. With these standard crystals, stan¬ 
dard bit rates from 50 to 38.5 kbps are available. The 
following tables illustrate the divisors needed to obtain 
standard rates using these three crystal frequencies. 


TABLE 4. BAUD RATES USING 1.8432 MHz CRYSTAL 


DESIRED 

BAUD RATE 

DIVISOR USED 

TO GENERATE 

16 X CLOCK 

PERCENT ERROR 

DIFFERENCE BETWEEN 

DESIRED & ACTUAL 




50 

2304 

- 

75 

1536 

- 

110 

1047 

0 026 

134 5 

857 

0 058 

150 

768 

- 

300 

384 

- 

600 

192 

- 

1200 

96 

- 

1800 

64 

- 

2000 

58 

0 69 

2400 

48 

- 

3600 

32 

- 

4800 

24 

- 

7200 

16 

- 

9600 

12 

- 

19200 

6 

- 

38400 

3 

- 

56000 

2 

2 86 
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TABLE 5. BAUD RATES USING 2.4576 MHz CRYSTAL 


DIVISOR USED 
DESIRED TO GENERATE 
BAUD RATE 16 x CLOCK 


PERCENT ERROR 
DIFFERENCE BETWEEN 
DESIRED & ACTUAL 





50 

3072 

- 

75 

2048 

- 

110 

1396 

0.026 

134.5 

1142 

0.0007 

150 

1024 

- 

300 

512 

- 

600 

256 

- 

1200 

128 

- 

1800 

85 

0.392 

2000 

77 

0.260 

2400 

64 

- 

3600 

43 

0.775 

4800 

32 

- 

7200 

21 

1 587 

9600 

16 

- 

19200 

8 

- 

38400 

4 

■ 


TABLE 6. BAUD RATES USING 3.072 MHz Crystal 


PERCENT ERROR 
DIFFERENCE BETWEEN 
DESIRED & ACTUAL 



After powerup, the 82C50A Master Reset schmitt trigger 
input (MR) Should be held high for TMRW ns to reset the 
82C50A circuits to an idle mode until initialization. A high 
on MR causes the following: 

1. Initializes the transmitter and receiver internal clock 
counters. 

2. Clears the Line Status Register (LSR), except for 
Transmitter Shift Register Empty (TEMT) and 
Transmit Holding Register Empty (THRE), which 
are set. The Modem Control Register (MCR) is also 
cleared. All of the discrete lines, memory elements 


and miscellaneous logic associated with these 
register bits are also cleared or turned off. Divisor 
Latches, Receiver Buffer Register, Transmitter 
Buffer Register are not effected. 

Following removal of the reset condition (MR low), the 
82C50A remains in the idle mode until programmed. 

A hardware reset of the 82C50A sets the THRE and TEMT 
status bit in the LSR. When interrupts are subsequently 
enabled, an interrupt occurs due to THRE. 

A summary of the effect of a Master Reset on the 82C50A 
is given in Table 7. 


TABLE 7. 82C50A RESET OPERATIONS 


REGISTER/SIGNAL 

RESET CONTROL 

RESET 

Interrupt Enable Register 

Master Reset 

All Bits Low (0-3 forced and 4-7 permanent) 

Interrupt Identification 

Master Reset 

Bit 0 IS High, Bits 1 and 2 Low 

Register 


Bits 3-7 are Permanently Low 

Line Control Register 

Master Reset 

All Bits Low 

MODEM Control Register 

Master Reset 

All Bits Low 

Line Status Register 

Master Reset 

All Bits Low, Except Bits 5 and 6 are High 

MODEM Status Register 

Master Reset 

Bit 0-3 Low 

Bits 4-7 Input Signal 

SOUT 

Master Reset 

High 

Intrpt (RCVR Errs) 

Read LSR/MR 

Low 

Intrpt (RCVR Data Ready) 

Read RBR/MR 

Low 

Intrpt (THRE) 

Read IIR/Write THR/MR 

Low 

Intrpt (Modem Status Changes) 

Read MSR/MR 

Low 

Out2 

Master Reset 

High 

RTS 

Master Reset 

High 

DTR 

Master Reset 

High 

Outi 

Master Reset 

High 


5-15 


CMOS DATA 
COMMUNICATIONS 





























82C50A 


Programming 

The 82C50A is programmed by the control registers LCR, 
lER, DLL and DLM, and MCR. These control words define 
the character length, number of stop bits, parity, baud 
rate, and modem interface. 

While the control registers can be written in any order, the 
lER should be written to last because it controls the In¬ 
terrupt enables. Once the 82C50A is programmed and 
operational, these registers can be updated any time the 
82C50A is not transmitting or receiving data. 

The control signals required to access 82C50A internal 
registers are shown below. 

Software Reset 

A software reset of the 82C50A is a useful method for 
returning to a completely known state without a system 
reset. Such a reset consists of writing to the LCR, Divisor 
Latches, and MCR registers. The LSR and RBR registers 
should be read prior to enabling interrupts In order to 


clear out any residual data or status bits which may be in¬ 
valid for subsequent operation. 

Crystal Operation 

The 82C50A crystal oscillator circuitry is designed to 
operate with a fundamental mode, parallel resonant crys¬ 
tal. Table 8 shows the required crystal parameters and 
crystal circuit configuration, respectively. 

When using an external clock source, the XTAL1 input is 
driven and the XTAL2 output is left open. Power con¬ 
sumption when using an external clock Is typically 50% of 
that required when using a crystal. This is due to the sinu¬ 
soidal nature of the drive circuitry when using a crystal. 

The maximum frequency of the the 82C50A Is 10 MHz with 
an external clock or a crystal attached to XTAL1 and 
XTAL2. Using the external clock orcry stal, and a divide by 
one divisor, the maximum BAUDOUT Is 10 MHz, and the 
maximum data rate is 625 Kbps. 


TABLE 8. TYPICAL CRYSTAL OSCILLATOR CIRCUIT 


PARAMETER 

Frequency 1 0 to 10 MHz 

Type of Operation Parallel resonant, Fundamental mode 

Load Capacitance(CL) 20 or 32 pF (typ) 

Rseries (Max) 100 ohms (f=10 MHz, CL=32 pF) 

200 ohms (f=10 MHz, CL=20 pF) 


X 


CL 


XTALI PIN 16 



'- L 

CL 



TO 

BAUD RATE 
GENERATOR 
LOGIC 


XTAL 




XTAL2 PIN 17 


^ —c> 


RS 


82C50A 
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Specifications 82C50A 


Absolute Maximum Ratings 

Supply Voltage.+8.0V: 

Input, Output or I/O Voltage Applied.GND -0.5V to 

VCC +0.5V 

Storage Temperture Range.-65°C to +150°C 

Maximum Package Power Dissipation.1W 


ejc.10.5°C/W (Cerdip Package) 

eja.26.7°C/W (Cerdip Package) 


Gate Count. 1788 Gates 

Junction Temperature.+175°C 

Lead Temperature (Soldering, 10s).+300°C 


CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and opera¬ 
tion of the device at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Operating Conditions 

Operating Voltage Range 


+4.5V to +5.5V Operating Temperature Range 

C82C50A-5.'.0°C to +70°V 

I82C50A-5.-40°V to +85°C 

M82C50A-5.-55°C to +125°C 


DC Electrical Specifications vcc = s.ov ± io%; t^ = o°c to + 70 °c (C82C50A-5); 

Ta = -AQPC to +85°C (I82C50A-5); 
Ta = -55°C to +125®C (M82C50A-5) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

VIH 

Logical One Input Voltage 



V 

V 

I82C50A-5, C82C50A-5 

M82C50A-5 

VIL 

Logical Zero Input Voltage 


08 

V 


VTH 

Schmitt Trigger Logic One Input 
Voltage 



V 

V 

MR Input 

I82C50A-5, C82C50A-5 

M82C50A-5 

VTL 

Schmitt Trigger Logic Zero Input 
Voltage 


0.8 

V 

MR Input 

VIH(CLK) 

Logical One Clock Voltage 

vcc-0.8 


V 

External Clock 

VIL(CLK) 

Logical Zero Clock Voltage 


0.8 

V 

External Clock 

VOH 




V 

V 

< < 
It 

CM T- 

II II 

X X 

00 

VOL 

Output. Low Voltage 

jjSjjiHl 

0.4 

V 

lOL =+2.5mA, 

II 

Input Leakage Current 

-1.0 

+1.0 

aA 

VIN = GND or VCC, DIP Pins 

9, 10. 12, 13, 14. 18, 19, 21, 

22, 25-28, 35-39 

10 

Input/Output Leakage Current 

-10.0 

+10 0 

M 

VO = GND or VCC, DIP Pins 1-8 

ICCOP 

Operating Power Supply Current 


6 

mA 

External Clock 

F = 2.4576MHz, VCC = 5.5V, 

VIN = VCC or GND, Outputs 

Open 

ICCSB 

Standby Supply Current 


100 

pA 

VCC = 5.5V, VIN = VCC or 

GND, Outputs Open 


Capacitance Ta = 250c 


SYMBOL 

PARAMETER 

TYPICAL 

UNITS 

TEST CONDITIONS 

CIN 

Input Capacitance 

15 

PF 

FREQ = 1MHz, all measure¬ 
ments are referenced to 
device GND 

COUT 

Output Capacitance 

15 

pF 

Cl/0 

I/O Capacitance 

20 
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Specifications 82C50A 


AC Specifications VCC = 5.0V ± 10% 

Ta = 0°C to +70°C (C82C50A-5) 

Ta = -40°C to +85°C (I82C50A-5) 

Ta = -55°C to +125°C (M82C50A-5) 


Timing Requirements 



(1) Taw 



(4) Tcs 


(5) Tch 


(6) Tdiw 


(7) Trc 



(10) TddD 


(12)Td0W 


(13) Twc 



Address Strobe Width 


Address Setup Time 


Address Hold Time 


Chip Select Setup Time 


Chip Select Hold Time 


DISTR DISTR Strobe Width 


Read Cycle Delay 


Read Cycle = TAR +TDIW +TRC 


DISTR DISTR to Driver Disable Delay 


Delay From DISTR DISTR to Data 


DISTR DISTR to Floating Data Delay 


DOSTR DOSTR Strobe Width 


Write Cycle Delay 


Write Cycle = TAW+TDOW+TWC 


Data Setup Time 


Data Hold Time 



NOTE 1: “When using the 82C50A in the multiplexed mode (ADS operational), it will operate in 80C86/88 systems with a 
maximum 3 MHz operating frequency." 
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Specifications 82C50A 


AC Specifications VCC = 5.0V ± 10% 

Ta = 0°C to +70°C (C82C50A-5) 

Ta = -40°C to +85°C (I82C50A-5) 
Timing Ta = -55°C to +125°C (M82C50A-5) 



82C50A-5 


PARAMETER 

MIN 1 MAX 

UNITS 


SYMBOL I _^ 


DEMULTIPLEXED OPERATION 


C 7 )TCSC 

Chip Select Output Delay from Select 

(18) Tra 

Address Hold Time from DISTR DISTR 

(19) Trcs 

Chip Select Hold Time from DISTR DISTR 

(20) Tar 

DISTR DISTR Delay from Address 

(21) TcSR 

DISTR DISTR Delay from Chip Select 

(22) Twa 

Address Hold Time from DOSTR DOSTR 

(23) Twos 

Chip Select Hold Time from DOSTR DOSTR 

(24) Taw 

DOSTR DOSTR Delay from Address 

(25) Tcsw 

DOSTR DOSTR Delay from Select 

(26) TmRW 

Master Reset Pulse Width 

(27) Txh 

Duration of Clock High Pulse 

(28) Txl 

Duration of Clock Low Pulse 


BAUD GENERATOR 


(29) N 

Baud Divisor 

(30) Tbld 

Baud Output Negative Edge Delay 

(31) TbhD 

Baud Output Positive Edge Delay 

(32) Tlw 

Baud Output Down Time 

(33) Thw 

Baud Output Up Time 


1 - 

(34) TscD 

Delay from RCLK to Sample Time 

(35) TsinT 

Delay from Stop to Set Interrupt 

(36) Trint 

Delay from DISTR DISTR (RD RBR) to 

Reset Interrupt 


TRANSMITTER 


(37)ThR 

Delay from DOSTR DOSTR to Reset Interrupt 

(38)T|RS 

Delay from Initial INTR Reset to 

Transmit Start 

(39)Ts| 

Delay from Initial Write to Interrupt 

(40)TsTI 

Delay from Stop to Interrupt (THRE) 

(41) T|r 

Delay from DISTR DISTR (RD MR) to Reset 
Interrupt (THRE) 

MODEM CONTROL 

(42) TmdO 

Delay from DOSTR DOSTR to Output 

(43) Tsim 

Delay to Set Interrupt from Modem Input 

(44) Trim 

Delay to Reset Interrupt from DISTR DISTR 
(RD MSR) 
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A.C. Test Circuit 


OUTPUT FROM DEVICE 
UNDER TEST 



:C1 (INCLUDES STRAY AND 
JIG CAPACITANCE) 


lOH 

lOL 

VI 

R1 

Cl 

-2.5mA 

+2.5mA 

1.7V 

520n 

100 pF 


TEST CONDITION DEFINITION TABLE 


A.C. Testing Input, Output Waveform 

INPUT 



A.C Testing- All input signals must switch between VIL-0.4V and VIH+0 4V Input rise 
and fall times are driven at Insec per volt 


Timing Waveforms 

. tXH . 




I tXL 

I"" (28) - 

EXTERNAL CLOCK INPUT 


AC TEST POINTS 


(30) I— tHW(33) 

nku^}^i^L^L 

3i)tBHD—I I U—1LW(32) 

— I —I"*—— tLW(32) 


_ k~tHW(33) 

LrLiilnrLrL 

(3i)tBHD—I I U—1LW(32) 

_(30)tBLD — —li-* ' —• ■tLW(32) 

(30) , (32) , 

_ tBLO—— I^TBHD —HtHWK-tLW-^ 

BAUD OUT -1 I-1 I—I r 


BAUD OUT 
-N. N > 3) 


3) I- 

(30) , I 

tBLD^I-1 


(31) 

f—tBHD 


BAUDOUT TIMING 


tLW = 2XTAL1 CYCLES 


I tHW = (N - 2) XTALl CYCLES 


NOTE: tBLD (-M) is the only spec measure from XTL1 falling edge. All other 
tBLD’s and tBHD’s are measured from XTALl rising edge. 
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Timing Waveforms 


I I 


tAH(3) 




_tCSC*-J(17) 


- J[ tWA* (22) 

[^tWCS*^(23) 


* Applicable only when ADS is tied low 


-tCSW*-►(25) 

_tAW*_► ^ _ 

(24) -K-tDOW- 

_r_a2i_ 


(15)[->-tDS*»h-tDH—1(16) 


WRITE CYCLE 


_f ^iA^-4H t AH(3) 

*2. Al. Ao X VALIdTX" . — ~ 

I Vici-4^tCH(5) 

CS2. CS). CSq ZJ)G^!D^= 
I |-^tcsc*-^(17) 

CSOUT I I X 

^tCSR*-J( 

--tAR*- 4 - 


|-tRCS*-^(19 


jtD0(9) 100(9) 


UltHZdD 


' Applicable only when ADS is tied low 


READ CYCLE 
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Timing Waveforms 


.START/ DATA BITS (5-8) Y /STOPX 


INTERRUPT 
(DATA READY OR 
RCVR ERR) . 

OISTR/OISTR ® ■ 
(READ REC 
DATA BUFFER ' 
OR ROLSRI 


(36) h— tRINT 


RECEIVER TIMING 


SERIAL OUT 
(SOUT) 


INTERRUPT 

(THRE) 


OOSTR/DOSTR ® > 

(WR THR) _/ 

DisfR/DISTR ® 

|RD HR) 


\ / UAiA a-B A ; 

,(38) 

—►! tIRS I'* 


TRANSMITTER TIMING 


DOSTR/DOSTR ® 
(WR IVICR) 


RTS. DTR 
OUT). 0UT2 



H (- 

. \ 


tlVlDO (42) tIVIDO 


DISTR/DISTR ® 
(RO IVISR) 


_i_V(44) , \ LV (^4)t .MX 

«-h—tRiivi^ l-Htsj^!i|- 

*■ " V FTmj --—I—u 


NOTE 1 See Write Cycle Timing 
NOTE 2 See Read Cycle Timing 


MODEM CONTROLS TIMING 
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REFERENCE APR NOTE 108 

January 1992 


CMOS Serial Controller Interface 


Features 

• Single Chip UART/BRG 

• DC to 16MHz (1M Baud) Operation 

• Crystal or External Clock Input 

• On-Chip Baud Rate Generator - 72 Selectable Baud Rates 

• Interrupt Mode With Mask Capability 

• Microprocessor Bus Oriented Interface 

• 80C86 Compatible 

• Single +5V Power Supply 

• Low Power Operation .ImA/MHz Typical 

• Modem Interface 

• Line Break Generation and Detection 

• Operating Temperature Range: 


► C82C52.0OCto+70OC 

► I82C52 .-40OC to +850C 

► M82C52.- 550 c to+1 250 c 


Description 

The Harris 82C52 is a high performance programmable Universal Asynchro¬ 
nous Receiver/Transmitter (UART) and Baud Rate Generator (BRG) on a 
single chip. Utilizing the Harris advanced Scaled SAJI IV CMOS process, the 
82C52 will support data rates up to 1M baud asynchronously with a 16X 
clock (IBMHz clock frequency). 

The on-chip Baud Rate Generator can be programmed for any one of 72 
different baud rates using a single industry standard crystal or external 
frequency source. A unique pre-scale divide circuit has been designed to 
provide standard RS-232-C baud rates when using any one of three industry 
standard crystals (1.8432 MHz, 2.4576 MHz, or 3.072 MHz). 

A programmable buffered clock output (CO) is available and can be 
programmed to provide either a buffered oscillator or 16X baud rate clock for 
general purpose system usage. 


Ordering Information 


PACKAGE 

TEMPERATURE RANGE 

1 MBAUD 

Plastic DIP 

OOC to +70OC 

CP82C52 


-40OC to +850C 

IP82C52 

PLCC 

QOC to +70OC 

CS82C52 


-40OC to +850C 

IS82C52 

Ceramic DIP 

QOC to +70OC 

CD82C52 


-40OC to +850C 

ID82C52 


-550C to+1250C 

MD82C52/B 

SMD# 


8501501XA 

LCC 

-550C to+1250C 

MR82C52/B 

SMD# 


85015013A 


Pinouts 


28 LEAD DIP 
TOP VIEW 



28 LEAD PLCC AND LCC 
TOP VIEW 




Copyright © Harris Corporation 1991 
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Pin Description 82C52 


SYMBOL 

PIN 

NO. 

TYPE 

ACTIVE 

LEVEL 

DESCRIPTION 

mm 

■ 

■ 

Low 

READ: The RD input causes the 82C52 to output data to the data bus (D0-D7). The data output 
depends upon the state of the address inputs (A0-A1). CSO enables the^D input. 

WR 


' 

Low 

WRITE; The WR input causes data from the data bus (D0-D7) to be input to the 82C52. 

Addressing and chip select action is the same as for read operations. 



0 1/0 High 


13,14 I/O 


O 15 O 


GND 16 


CTS 17 




18 




19 O 




RTS I 20 O 


21 O 





22 O 




23 




INTR 24 O High 


SDI 25 


26 O 




VCC 27 


CSO 28 I Low 


DATA BITS 0-7; The Data Bus provides eight, three-state input/output lines for the transfer of data, 
control and status information between the 82C52 and the CPU. For character formats of less 
than 8 bits, the corresponding D7, D6 and D5 are considered “don’t cares” for data WRITE operations 
and are 0 for data READ operations. These lines are normally in a high impedance state except 
during read operations. DO is the Least Significant Bit (LSB) and is the first serial data bit to be 
received or transmitted. 

ADDRESS INPUTS: The address lines select the various internal registers during CPU bus 
operations. 

CRYSTAL/CLOCK: Crystal connections for the internal Baud Rate Generator. IX can also be used 
as an external clock input in which case OX should be left open. 


jERIAL data OUTPUT: Serial data output from the 82C52 transmitter circuitry. A Mark (1) is a 
logic one (high) and Space (0) is logic zero (low). SDO is held in the Mark condition when CTS is 
false, when RST is true, when the Transmitter Register is empty, or when in the Loop Mode. 


GROUND: Power supply ground connection. 


CLEAR TO SEND; The logical st ate o f the CTS line is reflected in the CTS bit of the Modem Status 
Register. Any change of state in CTS causes INTR to be set true when INTEN and MIEN are true. 
A false level on CTS will inhibit transmission of data on the SDO output and will hold SDO in the 
Mark (high) state. I f CTS goes false during transmission, the current character being transmitted 
will be completed. CTS does not affect Loop Mode operation. 


DATA SET READ Y: The logical state of the DSR line is reflected in the Modem Status Register. Any 
change of state of DSR will cause INTR to be set if INTEN and MIEN are true. The state of this 
signal does not affect any other circuitry within the 82C52. 


DATA TERMINAL READY; The DTR signal can be set (low) by writing a logic 1 to the appropriate bit 
in the Modem Control Register (MCR). This signal is cleared (high) by writing a logic 0 in the DTR 
bit in the MCR or whenever a reset (RST = high) is applied to the 82C52. 


REQUEST TO SEND; The RTS signal can be set (low) by writin g a lo gic 1 to the appropriate bit in 
the MCR. This signal is cleared (high) by writing a logic 0 to the RTS bit in the MCR or whenever 
a reset (RST = high) is applied to the 82C52. 


CLOCK OUT: This output is user programmable to provide either a buffered IX output or a buffered 
Baud Rate Generator (16X) clock output. The buffered IX (Crystal or external clock source) output 
is provided when the Baud Rate Select Register (BRSR) bit 7 is set to a zero. Writing a logic one 
to BRSR bit 7 causes the CO output to provide a buffered version of the internal Baud Rate 
Generator clock which operates at sixteen times the programmed baud rate. On reset D7 (CO select) 
is reset to 0. 


TRANSMITTER BUFFER REGISTER EMPTY: The TBRE output is set (high) whenever the 
Transmitter Buffer Register (TBR) has transferred Its data to the Transmit Register. Application 
of a reset (RST) to the 82C52 will also set the TBRE output. TBRE is cleared (low) whenever data 
is written to the TBR. 


RESET: The RST input forces the 82C52 into an “Idle” mode in which ail serial data activities are 
suspended. The Modem Control Register (MCR) along with its associated outputs are cleared. The 
UART Status Register (USR) is cleared except for the TBRE and TC bits, which are set. The 
82C52 remains in an “Idle” state until programmed to resume serial data activities. The RST 
input is a Schmitt triggered input. 


INTERRUPT REQUEST: The INTR output is enabled by the INTEN bit in the Modem Control Register 
(MCR). The MIEN bit selectively enables modem status changes to provide an input to the INTR logic. 
Figure 9 in Design Information shows the overall relationship of these interrupt control signals. 


SERIAL DATA INPUT: Serial data input to the 82C52 receiver circuits. A Mark (1) is high, and a 
Space (0) is low. Data inputs on SDI are disabled when operating in the loop mode or when RST is true. 


DATA READY: A true level indicates that a character has been received, transferred to the RBR, and 
is ready for transfer to the CPU. DR is reset on a data READ of the Receiver Buffer Register (RBR) 
or when RST is true. 


VCC: +5V postive power supply pin. A 0.1 ^iF decoupling capacitor from VCC (Pin 27) to GND 
(Pin 16) is recommended. 


CHIP SELECT: The chip select input acts as an enable signal for the RD and WR input signals. 
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Reset 

During and after power-up, the 82C52 Reset Input (RST) 
must be held high for at least two IX clock cycles in order to 
initialize and drive the 82C52 circuits to an idle mode until 
proper programming can be done. A high on RST causes the 
following events to occur: 

• Resets the internal Baud Rate Generator (BRG) circuit 
clock counters and bit counters. The Baud Rate Select 
Register (BRSR) is not affected (except for bit 7 which is 
reset to 0). 

• Clears the UART Status Register (USR) except for Trans¬ 
mission Complete (TC) and Transmit Buffer Register Emp¬ 
ty (TBRE) which are set. The Modem Control 
Register (MCR) is also cleared. All of the discrete lines, 
memory elements and miscellaneous logic associated 
with these register bits are also cleared or turned off. Note 
that the UART Control Register (UCR) is not affected. 

Following removal of the reset condition (RST = low), the 
82C52 remains in the idle mode until programmed to its 
desired system configuration. 

Programming The 82C52 


TABLE A. 


cso 

A1 

AO 

WR 

RD 

OPERATION 

0 

0 

0 

0 

1 

Data Bus-*>Transmitter Buffer 
Register (TBR) 

0 

0 

0 

1 

0 

Receiver Buffer 

Register (RBR)->Data Bus 

0 

0 

1 

0 

1 

Data Bus-^UART Control 
Register (UCR) 

0 

0 

1 

1 

0 

UART Status 

Register (USR)-*Data Bus 

0 

1 

0 

0 

1 

Data Bus~> Modem Control 
Register (MCR) 

0 

1 

0 

1 

0 

MCR-^Data Bus 

0 

1 

1 

0 

1 

Data Bus-*»Bit Rate Select 
Register (BRSR) 

0 

1 

1 

1 

0 

Modem Status 

Register (MSR)-*-Data Bus 


The complete functional definition of the 82C52 is pro¬ 
grammed by the systems software. A set of control words 
(UCR, BRSR and MCR) must be sent out by the CPU to 
initialize the 82C52 to support the desired communication 
format. These control words will program the character 
length, number of stop bits, even/odd/no parity, baud rate, 
etc. Once programmed, the 82C52 is ready to perform its 
communication functions. 

The control registers can be written to in any order. Howev¬ 
er, the MCR should be written to last because It controls the 
interrupt enables, modem control outputs and the receiver 
enable bit. Once the 82C52 is programmed and operation¬ 
al, these registers can be updated any time the 82C52 is not 
immediately transmitting or receiving data. 

Table A. shows the control signals required to access 
82C52 internal registers. 

UART Control Register (UCR) 

The UCR is a write only register which configures the UART 
transmitter and receiver circuits. Data bits D7 and D6 
are not used but should always be set to a logic zero (0) In 
order to insure software compatibility with future product 
upgrades. During the Echo Mode, the transmitter always 
repeats the received word and parity, even when the UCR is 
programmed with different or no parity. See Figure 1. 


UCR 



0 = 1 STOP BIT 
1= 1.5 STOP BITS (Tx) 

AND 1 STOP BIT 
(Rx) IF 5 DATA BITS 
SELECTED 1 = 2 STOP 
BITS FOR 6, 7 OR 8 
DATA BITS SELECTED 

000= Tx AND Rx EVEN 
001 = Tx AND Rx ODD 
010= Tx EVEN, Rx ODD 
011= Tx ODD, Rx EVEN 

100 = Tx EVEN, Rx CHECK 
DISABLED 

101 = TxODD, Rx CHECK 
DISABLED 

11X= GENERATION AND 
CHECK DISABLED 

00= 5 BITS 
01=6 BITS 
10= 7 BITS 
11 = 8 BITS 

SET TO 00 FOR 
FUTURE PRODUCT 
UPGRADE 
COMPATIBILITY 
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Baud Rate Select Register (BRSR) 


TABLE B. 


The 82C52 is designed to operate with a single crystal or 
external clock driving the IX input pin. The Baud Rate Select 
Register is used to select the divide ratio (one of 72) for the 
internal Baud Rate Generator circuitry. The internal circuitry 
is separated into two separate counters, a Prescaler and a 
Divisor Select. The Prescaler can be set to any one of four 
division rates, -^1, ^3, -;-4, or -5-5. 

The Prescaler design has been optimized to provide 
standard baud rates using any one of three popular crystal 
frequencies. By using one of these common system clock 
frequencies, 1.8432MHz, 2.4576MHz or 3.072MHz and 
Prescaler divide ratios of -^3, -5-4, or -5-5 respectively, the 
Prescaler output will provide a cohstant 614.4KHz. When 
this frequency is further divided by the Divisor Select 
counter, any of the standard baud rates from 50 Baud to 
38.4 Kbaud can be selected (see Table B). Non-standard 
baud rates up to 1 Mbaud can be selected by using different 
input frequencies (crystal or an external frequency input up to 
16MHz) and/or different Prescaler and Divisor Select ratios. 

Regardless of the baud rate, the baud rate generator pro¬ 
vides a clock which is 16 times the desired baud rate. For 
example, in order to operate at a 1 Mbaud data rate, a 
16MHz crystal, a Prescale rate of -5-1, and a Divisor Select 
rate of “external” would be used. This would provide a 
16MHz clock as the output of the Baud Rate Generator to 
the Transmitter and Receiver circuits. 

The CO select bit In the BRSR selects whether a buffered 
version of the external frequency input (IX input) or the Baud 
Rate Generator output (16x baud rate clock) will be output 
on the CO output (pin 21). The Baud Rate Generator output 
will always be a 50% nominal duty cycle except when “ex¬ 
ternal” is selected and the Prescaler is set to ^3 or -5-5. 


BRSR 



PRESCALER 

SELECT 


DIVISOR 

SELECT 


CO SELECT 


00= -5-1 
01 = -5-3 
10= -5-4 
11 = -5-5 


00000 = 

-5^2 

00001 = 

-5-4 

00010 = 

-4- 16/3 

00011 = 

-5-8 

00100 = 

-5- 32/3 

00101 = 

-5-16 

00110 = 

^58/3 

00111 = 

-5-22 

01000 = 

-5-32 

01001 = 

-5-64 

01010 = 

-5-128 

01011 = 

-V-192 

01100 = 

-5-256 

01101 = 

-5-288 

OHIO = 

^352 

01111 = 

-5-512 

10000 = 

-5-768 

11111 = 

EXTERN/ 


0= IX OUTPUT 
1 = BRG OUTPUT 
ION RESET, D7 (CO • 
SELECT) IS RESET TO 0) 


FIGURE 2. 


BAUD RATE 

DIVISOR 

38.4K 

External 

19.2K 

2 

9600 

4 

7200 

16/3 

4800 

8 

3600 

32/3 

2400 

16 

2000* 

58/3 

1800* 

22 

1200 

32 

600 

64 

300 

128 

200 

192 

150 

256 

134.5* 

288 

110* 

352 

75 

512 

50 

768 


NOTE These baud rates are based upon the following input frequency/ 
Prescale divisor combinations 

1 8432MHz and Prescale = +3 

2 4576MHz and Prescale = -1-4 

3 072MHZ and Prescale = -i-5 

*AII baud rates are exact except for: 


BAUD RATE 

ACTUAL 

PERCENT 

ERROR 

1800 

1745.45 

3.03% 

2000 

1986.2 

0.69% 

134.5 

133.33 

0.87% 

110 

109.09 

0.83% 


Modem Control Register 

The MCR is a general purpose c ontro l regi ster w hich can be 
written to and read from. The RTS and DTR outputs are 
directly controlled by their associated bits in this register. 
Note that a logic one asserts a true logic level (low) at these 
output pins. The Interrupt Enable (INTEN) bit is the overall 
control for the INTR output pin. When INTEN is false, INTR 
is held false (low). 

The Operating Mode bits configure the 82C52 into one of 
four possible modes. “Normal” configures the 82C52 for 
normal full or half duplex communications. “Transmit 
Break” enables the transmitter to only transmit break char¬ 
acters (Start, Data and Stop bits all are logic zero). The Echo 
Mode causes any data that is received on the SDI input pin 
to be retransmitted on the SDO output pin. Note that this 
output is a buffered version of the data seen on the SDI 
input and is not a resynchronized output. Also note that 
normal UART transmission via the Transmitter Register is 
disabled when operating in the Echo mode (see Figure 4). 
The Loop Test Mode internally routes transmitted data 
to the receiver circuitry for the purpose of self test. The 


5-27 


CMOS DATA 
COMMUNICATIONS 







82C52 


transmit data is disabled from the SDO output pin. The 
Receiver Enable bit gates off the input to the receiver 
circuitry when In the false state. 

Modem Interrupt E nabl e will permit any change in modem 
status line inputs (CTS, DSR) to cause an interrupt when 
this bit Is enabled. Bit D7 must always be written to with a 
logic zero to insure correct 82C52 operation. 

MCR 

I D71 D6 I Ds j D4 | D 3 [ D21 D11 DO | 

T il REQUEST TO 

SEND (RTS) 


DATA TERMINAL 
READY (DTR) 

INTERRUPT 
ENABLE (INTEN) 

MODE SELECT 


ENABLE (REN) 


MODEM INTERRUPT 
ENABLE (MIEN) 


MUST BE SET TO A LOGIC 0 FOR 
NORMAL 82C52 OPERATION 


0 = RTS OUTPUT HIGH* 

1 = IrTS OUTPUT LOW 
0 = TTr OUTPUT HIGH 
1 = DTR OUTPUT LOW 

I = INTERRUPTS ENABLED 
0 = INTERRUPTS DISABLED 

00 » NORMAL 

01 <= TRANSMIT BREAK 

10= ECHO MODE 

II = LOOP TEST MODE 

0 = NOT ENABLED 
1 = ENABLED 

0 = NOT ENABLED 
1 = ENABLED 


RBR contained improper stop bits. This could be caused by 
the absence of the required stop bit(s) or by a stop bit(s) that 
was too short to be properly detected. Parity Error (PE) indi¬ 
cates that the last character received in the RBR contained 
a parity error based on the programmed parity of the receiv¬ 
er and the calculated parity of the received character data 
and parity bits. 

The Received Break (RBRK) status bit indicates that the last 
character received was a break character. A break charac¬ 
ter would be considered to be an invalid data character in 
that the entire character including parity and stop bits are a 
logic zero. 

The Modem Status bit is set whenever a tran sitio n is de¬ 
tected on any of the Modem input lines (CTS or DSR). A 
subsequent read of the Modem Status Register will show 
the state of these two signals. Assertion of this bit will cause 
an interrupt (INTR) to be generated if the MIEN and INTEN 
bits in the MCR register are enabled. 

The Transmission Complete (TC) bit indicates that both the 
TBR and Transmitter Registers are empty and the 82C52 
has completed transmission of the last character it was com¬ 
manded to transmit. The assertion of this bit will cause an 
interrupt (INTR) If the INTEN bit in the MCR register is true. 


*See Modem Status Register description for a description of register flag 
images wKh respect to output pins. 

FIGURE 3. 


The Transmitter Buffer Register Empty (TBRE) bit indicates 
that the TBR register is empty and ready to receive another 
character. 


SERIAL DATA 
FROM 



UART Status Register (USR) 

The USR provides a single register that the controlling sys¬ 
tem can examine to determine if errors have occurred or If 
other status changes in the 82C52 require attention. For 
this reason, the USR is usually the first register read by the 
CPU to determine the cause of an interrupt or to poll the 
status of the 82C52. 

Three error flags OE, FE and PE report the status of any 
error conditions detected in the receiver circuitry. These 
error flags are updated with every character received during 
reception of the stop bits. The Overrun Error (OE) indicates 
that a character in the Receiver Register has been received 
and cannot be transferred to the Receiver Buffer Register 
(RBR) because the RBR was not read by the CPU. Framing 
Error (FE) indicates that the last character received in the 


The Data Ready (DR) bit indicates that the RBR has been 
loaded with a received character (including Break) and that 
the CPU may access this data. 

Assertion of the TBRE or DR bits do not affect the INTR 
logic and associated INTR output pin since the 82C52 has 
been designed to provide separate requests via the DR and 
TBRE output pins. If a single interrupt for any status change 
In the 82C52 is desired this can be accomplished by using 
an 82C59A Interrupt controller with DR, TBRE, and INTR as 
inputs. (See Figure 11). 


USR 

I D7|d6{ds|d4|D3{d 2| Dl| Do] 

I j j I 1 I 1 —► PARITYERROR 

(PE) 

-► FRAMING ERROR 

(FE) 

-► OVERRUN ERROR 

(OE) 

-► RECEIVED BREAK 

(RBRK) 

-^ MODEM STATUS 

(MS) 

-► TRANSMISSION 

COMPLETE (TC) 

_^ TRANSMITTER 

BUFFER REGISTER 
EMPTY (TBRE) 

-^ DATA READY 

(DR) 


0= NO ERROR 
1 - ERROR 
0= NO ERROR 
1 - ERROR 
0= NO ERROR 
1 - ERROR 
0= NO BREAK 
1 « BREAK 

0- NO STATUS CHANGE 
1 - STATUS CHANGE 
O- NOT COMPLETE 
1 - COMPLETE 
0- NOT EMPTY 
1 - EMPTY 

0= NOT READY 
1 = READY 


FIGURE 5. 
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Modem Status Register (MSR) 

The MSR allows the CPU to read the modem signal inputs 
by accessing the data bus interface of the 82C52. Like all of 
the register images of external pins in the 82C52, true logic 
levels are represented by a high (1) signal level. By follow¬ 
ing this consistent definition, the system software need not 
be concerned with whether external signals are high or low 
true. In particular, the modem signal inputs are low true, 
thus a 0 (true assertion) at a modem input pin is represented 
by a 1 (true) in the MSR. 


put pin and DR flag in the USR register are set. This double 
buffering of the received data permits continuous reception 
of data without losing any of the received data. 

While the Receiver Register is shifting a new character 
into the 82C52, the Receiver Buffer Register is holding a 
previously received character for the system CPU to read. 
Failure to read the data in the RBR before complete recep¬ 
tion of the next character can result in the loss of the data 
in the Receiver Register. The OE flag in the USR register 
indicates the overrun condition. 


Any change of state in any modem input signals will set 
the Modem Status (MS) bit in the USR register. When this 
happens, an interrupt (INTR) will be generated If the MIEN 
and INTEN bits of the MCR are enabled. 


The Data Set Ready (DSR) input is a status indicator from the 
modem to the 82C52 which indicates that the modem is 
ready to provide received data to the 82C52 receiver circuitry. 


Clear to Send (CTS) is both a status and control signal from 
the modem that tells the 82C52 that the modem is ready to 
receive transmit data from the 82C52 transmitter output 
(SDO). A high (false) level on this input will inhibit the 82C52 
from beginning transmission and if asserted in the middle of 
a transmission will only permit the 82C52 to finish transmis¬ 
sion of the current character. 

MSR 



0= FALSE 
1 = TRUE 


0= FALSE 
1 = TRUE 


Receiver Buffer Register (RBR) 

The receiver circuitry in the 82C52 is programmable for 5, 
6, 7 or 8 data bits per character. For words of less than 8 
bits, the data is right justified to the Least Significant Bit 
(LSB = DO). Bit DO of a data word is always the first data bit 
received. The unused bits in a less than 8 bit word, at the 
parallel interface, are set to a logic zero (0) by the 82C52. 

Received data at the SDI input pin is shifted into the Receiver 
Register by an internal 1x clock which has been synchro¬ 
nized to the incoming data based on the position of the start 
bit. When a complete character has been shifted into the 
Receiver Register, the assembled data bits are parallel 
loaded into the Receiver Buffer Register. Both the DR out¬ 


RBR 


D7jD6|D5|D4 jpaj D2j D11 Doj 


■ BITO 

> BIT 1 

• BIT 2 

■ BIT 3 

. BIT 4 

» BIT 5 

> BITS 

> BIT 7 


FIGURE 7. 


Transmitter Buffer Register (TBR) 

The Transmitter Buffer Register (TBR) accepts parallel data 
from the data bus (D0-D7) and holds it until the Transmitter 
Register is empty and ready to accept a new character for 
transmission. The transmitter always has the same word 
length and number of stop bits as the receiver. For words of 
less than 8 bits the unused bits at the microprocessor data 
bus are ignored by the transmitter. 


TBR 
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Bit 0, which corresponds to DO at the data bus, is always 
the first serial data bit transmitted. Provision Is made for the 
transmitter parity to be the same or different from the receiv¬ 
er. The TBRE output pin and flag (USR register) reflect the 
status of the TBR. The TC flag (USR register) indicates when 
both TBR and TR are empty. 

82C52 Interrupt Structure 

The 82C52 has provisions for software masking of inter¬ 
rupts generated for the INTR output pin. Two control bits in 
the MCR register, MIEN and INTEN, control modem status 
interrupts and overall 82C52 interrupts respectively. Figure 
9 illustrates the logical control function provided by these 
signals. 

The modem status inputs (DSR and GTS) will trigger the 
edge detection circuitry with any change of status. Reading 
the MSR register will clear the detect circuit but has no 
effect on the status bits themselves. These status bits 
always reflect the state of the input pins regardless of the 
mask control signals. Note that the state (high or low) of the 
status bits are inverted versions of the actual input pins. 

The edge detection circuits for the USR register signals will 
trigger only for a positive edge (true assertion) of these 
status bits. Reading the USR register not only clears the 
edge detect circuit but also clears (sets to 0) all of the status 
bits. The output pins associated with these status bits are 
not affected by reading the USR register. 

A hardware reset of the 82C52 sets the TC status bit in 
the USR. When interrupts are subsequently enabled an 
Interrupt can occur due to the fact that the positive edge 
detection circuitry in the interrupt logic has detected the 
setting of the TC bit. If this interrupt Is not desired the USR 
should be read prior to enabling Interrupts. This action 
resets the positive edge detection circuitry in the interrupt 
control logic (Figure 9). 

NOTE: For USR and MSR, the setting of status bits is inhibited during status 
register READ operations. If a status condition is generated during a 
READ operation, the status bit is not set until the trailing edge of the 
RD pulse. 

If the bit was already set at the time of the READ operation, and the 
same status condition occurs, that status bit will be cleared at the 
trailing edge of the RD pulse instead of being set again 



Software Reset 

A software reset of the 82C52 is a useful method for return¬ 
ing to a completely known state without exercising a 
complete system reset. Such a reset would consist of writing 
to the UCR, BRSR and MCR registers. The USR and RBR 
registers should be read prior to enabling interrupts in order 
to clear out any residual data or status bits which may be 
invalid for subsequent operation. 

Crystal Operation 

The 82C52 crystal oscillator circuitry is designed to operate 
with a fundamental mode, parallel resonant crystal. This 
circuit is the same one used in the Harris 82C84A clock 
generator/driver. To summarize. Table C and Figure 10 
show the required crystal parameters and crystal circuit 
configuration respectively. 

When using an external clock source, the IX input is driven 
and the OX output is left open. Power consumption when 
using an external clock is typically 50% of that required 
when using a crystal. This is due to the sinusoidal nature of 
the drive circuitry when using a crystal. 


TABLE C. 


PARAMETER 

TYPICAL CRYSTAL 
SPECIFICATION 

Frequency 

1.0 to 16MHz 

Type of Operation 

Parallel Resonant, Fundamental 

Mode 

Load Capacitance (CL) 

20 or 32pF (Typ) 

RSERIES(Max) 

100 n (f = 16MHz, CL = 32pF) 

200 n (f = 16MHz, CL = 20pF) 



Cl* 

11 • 



IX 


T 


1 

82C52 

GND—< 

> nn 



C2* T 

II i 

OX 


11 • 


*C1 = C2 = 20pF FOR CL = 20pF 
*C1 = C2 = 47pF FOR CL * 32pF 

FIGURE 10. 


FIGURE 9. 82C52 INTERRUPT STRUCTURE 
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82C52 - 80C86 Interfacing 

The following example (Figure 11) shows the interface for 
an 82C52 in an 80C86 system. 

Use of the Harris CMOS Interrupt Controller (82C59A) is 
optional and necessary only if an interrupt driven system is 
desired. 

By using the Harris CMOS 82C84A clock generator, the 
system can be built with a single crystal providing both the 
processor clock and the clock for the 82C52. The 82C52 


has special divider circuitry which is designed to supply 
industry standard baud rates with a 2.4576MHz input 
frequency. Using a 15MHz crystal as shown, results in less 
than a 2% frequency error which is adequate for many 
applications. For more precise baud rate requirements, a 
14.7456MHz crystal will drive the 80C86 at 4.9MHz and 
provide the 82C52 with the standard baud rate input 
frequency of 2.4576MHz. If baud rates above 156Kbaud are 
desired, the OSC output can be used instead of the PCLK 
(^6) output for asynchronous baud rates up to 1 Mbaud. 




15MHz 


ADDRESS BUS 


►q RD 


82C88 J lORD _ 

(MAX MODE) I lOWR-WR 

3 



K)^INTA 


82C52 SDI 
INTR, DR, TBRE 

IX 


SERIAL 

DATA 


FIGURE 11. 80C86/82C52 INTERFACE 
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Specifications 82C52 


Absolute Maximum Ratings 


Reiiabiiity Information 


Supply Voltage.+8.0V Thermal Resistance . 

Input, Output or I/O Voltage.GND-0.5V to VCC+0.5V Ceramic DIP Packa 

Storage Temperature Range.-65°C to Ceramic LCC Pacic 


Ceramic DIP Package. 45°C/W 

Ceramic LCC Package. 50.7°C/W 


®jc 

8.4°C/W 

5.3°C/W 


Junction Temperature.+175®C Maximum Package Power Dissipation at +125®C 


Lead Temperature (Soldering 10s).+300®C Ceramic DIP Package.1.1W 

ESD Classification.Class 1 Ceramic LCC Package.986mW 

Gate Count.1500 Gates 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

operating Voltage Range.... 


44.5V to +5.5V Operating Temperature Range 

C82C52.0°C to +70°C 

I82C52.-40°Cto+85°C 

M82C52.-55°Ct0 4-125®C 


DC Electricai Specifications vcc = 5.ov ± io%; t^ = o°c to +70°c (C82C52); 

Ta = -40®C to +85°C (I82C52); 
Ta = -55°C to +125°C (M82C52) 


SYMBOL 





PARAMETER 


Logical One Input Voltage 


Logical Zero Input Voltage 


Schmitt Trigger Logical One Input 
Voltage 


Schmitt Trigger Logical Zero Input 
Voltage 


VIH (CLK) Logical One Clock Input Voltage 


VIL (CLK) I Logical Zero Clock Input Voltage 


Output High Voltage 


VOL Output Low Voltage 


Input Leakage Current 


Input/Output Leakage Current 


ICCOP* 

Operating Power Supply Current 

ICCSB 

Standby Supply Current 


TEST CONDITIONS 



100 ma 


Guaranteed and sampled, but not 100% tested. ICCOP is typically < ImA/MHz. 


lOH = -2.5mA, Except OX, 

lOH = -lOOpA, For OX - lOH = -1.0mA 


VIN = GND or VCC, DIP Pins 1,2,11. 
12, 17,18, 23, 25, 28 


VOUT = GND or VCC, DIP Pins 3-10 


External Clock F = 2.4576MHz, 
VCC := 5.5V, VIN = VCC or GND, 
Outputs Open 


VCC = 5.5V, VIN = VCC or GND, 
Outputs Open 


Capacitance Ta = 25°c 


SYMBOL 

PARAMETER 

TYPICAL 

UNITS 

CIN 

Input Capacitance 


pF 

COUT 

Output Capacitance 

15 

PF 

CIO 

I/O Capacitance 

15 

pF 


TEST CONDITIONS 


FREQ = 1 MHz, all measurements are 
referenced to device GND 
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Specifications 82C52 


A.C. Electrical Specifications 


VCC = 5.0V ± 10%; 

TA = OOC to +70OC (C82C52) 

TA = -40OC to +850C (I82C52) 
TA = - 550 c to +I 25 OC (M82C52) 


MAX UNITS TEST CONDITIONS 
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AC Testing input. Output Waveforms 

PROPAGATION DELAY 


ENABLE/DliSABLE DELAY 


INPUT 
VIH + 0.4V 


OUTPUT 

VOH 


VIL -0.4V VOL 

AC Testing: All input signals (except IX and RST) must switch between VIL - 0.4V and VIH + 0.4V. Input rise and fall times are driven at Insec per volt. 


Timing Waveform 


WRITE 

OPERATION 


READ 

OPERATION 


AC Test Circuit 


BUS OPERATION 


SELECT VALID 


(3) 

TCTLCTH 


(Si 

• TCTLCTH 


-NEXT BUS CYCLE 


(4) 

• TCTHCTL- 




OUTPUT FROM 
DEVICE UNDER 
TEST 



TEST CONDITION 

VI 

R1 

R2 

CL 

1 Propagation Delay 

1.7V 

520 

00 

lOOpF 

2 Disable Delay 

VCC 

5K 

5K 

50pF 
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UART Timing Characterization 

All parameters listed in this table were laboratory bench characterized at room temperature on a small sample of parts. No guarantee is 
implied. The main intent here is to clarify functional operation of the 82C52. 

82C52 UART TIMING Characterized with IX = External Clock 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

(15)TS1 

CO(IX) Delay from IX 

- 

30 

ns 

BRSR Bit D7 = 0 (IX Output) 

(16)TS2 

CO(BRG) Delay from IX 

- 

80 

ns 

BRSR Bit D7 = 1 (BRG Output) 

(17)TCY 

CO(BRG) Clock Cycle Time 

62.5 

- 

ns 

BRSR Bit D7 = 1 (BRG Output), Note 1 

(18)TDTX 

SDO Delay from CO(BRG) Low 

- 

30 

ns 

Note 2 

(19)TWLTL 

WR Low to TBRE Low 

- 


ns 

Note 3 

(20)TCLTH 

CO(BRG) Low to TBRE High 

- 

50 

ns 

Notes 3,4 

(21)TIHF 

INTR High on Flag 

- 

50 

ns 

Note5A, 5B 

(22)TIHM 

INTR High on MS 

- 

50 

ns 

Note 5 

(23)TRLIL 

RD Low to INTR Low 

- 

60 

ns 


(24)TCTHX 

CTS High to Disable Transmit 

4TCY+10 

- 

ns 

TBR Full, Note 6 

(25)TDRH 

CO(BRG) Low to DR High 

- 

40 

ns 

Note 7 

(26)TRLDL 

RD Low to DR Low 

- 

50 

ns 

Note 7 

(27)TWHO 

WR High to RTS/DTR Active 

- 

50 

ns 



NOTES: 

1. Prescaler rate of divide by 1, Divisor Select rate of "external" 
(divide by 1). The Baud Rate Clock (CO-BRG) operates at 16 
times the user programmed bit rate. For example, at 1200 baud: 
TCY= 1/(16 X 1200) = 52.1 ps. 

2. A. With TR (Transmitter Register) initially empty, TDTX occurs 

from the 5th falling edge of CO(BRG) after goes high. 

B. With TR initially full, TDTX occurs from the trailing edge of 
the 16th CO(BRG) In the last Stop bit provided WR went 
high by the trailing edge of the 12th CO(BRG) in the last 
Stop bit. 

C. With CTS high (disable transmit) and TBR full, TDTX occurs 
from the 5th falling edge of CO(BRG) after CTS goes low. 

3. TBRE bit D6 in USR is updated each time TBRE changes state. 

4. A. With TR initially empty, TCLTH(TBRE) occurs from the 4th 

falling edge of CO(BRG) after ^ goes high. 

B. With TR initially full, TCLTH(TBRE) occurs from the trailing 
edge of the 15th CO(BRG) in the last Stop bit provided WR 
went high by the trailing edge of the 12th CO(BRG) in the 
last Stop bit. 

C. With CTS high (disable transmit) and TBR full, 
TCL TH(TB RE) occurs from the 4th falling edge of CO(BRG) 
after CIS goes low. 


5. A. INT on TC: INTEN enabled; USR bit D5(TC) Is updated at 

this time regardless of interrupt configuration. 

“ INT on TC occurs from the trailing edge of the 11th 
CO(BRG) in the last Stop bit if TBR empty at that time. 

B. INTR on re ceive f lag s Q E. F E. P £. and.BBRK: INTEN 

enabled; Respective USR bits updated at this time 
regardless of interrupt configuration. 

- INT on OE, FE, PE, RBRK occurs from the trailing edge 
of the 11th CO(BRG) in the last Stop bit. To avoid OE, 
RT5(RBR) must go low by the trailing edge of the 8th 
CO(BRG) in the last Stop bit. 

C. INTR on MS: INTEN and MIEN enabled; USRbitD4(MS) 
is updated at this time regardless of INTEN/MIEN. 

- INTR on MS occurs whenever CTS or DSR input 
changes state. 

6 . TCTHX is time before end of last Stop bit by which CTS must be 
Inactive (high) to prevent transmission of the character waiting in 
TBR. 

7. DR bit D7 in USR is updated each time DR changes state. TDRH 
always from trailing edge of 11th CO(BRG) in last Stop bit. 
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UART Timing Characterization (Continued) 

CLOCK (iX) AND CO TIMING 


62C52 


TCHCL (11) 




TRANSMITTER DATA 


CO(BRG) 


VAAAAAAAAAAAAAAAy 


16 CO(BRG} PERIODS 


— J 

1 

-TDTX (18) 

TX DATA ^ 

■ DATA BIT 

^_ 


RECEIVER DATA 


CO(BRG) 


wvvwwwvvwwwvww 


RX DATA 


8 CO(BRG) PERIODS 


START BIT 


16 CO(BRG) PERIODS - 


\ 


RX BAUD COUNTER 
STARTS HERE 


INTERNAL 

SAMPLE 
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UART Timing Characterization (continued) 

TRANSMIT TIMING 



11 I 12 I 13 I 14 I 15 I 16 



-TCTHX-^ 

1 « 

/./ 7 

^ Note 4 

» \ 


(20) 1 
TCLTH"*1 

*-\ 


1 

n 

1 


SDO 


LAST STOP BIT 
- DISABLED- 


IDLE 




START BIT 


NOTES: 

1. TBRE bit D6 in USR is updated each time TBRE changes state. 

2. A. With TR initially empty, TCLTH{TBRE) occurs from the 4th 

falling edge of CO(BRG) after goes high. 

B. With TR initially full, TCLTH{TBRE) occurs from the trailing 
edge of the 15th CO(BRG) in the last Stop bit provided WR 
went high by the trailing edge of the 12th CO(BRG) in the 
last Stop bit. 

3. A. With TR (Transmitter Register) initially empty, TDTX occurs 

from the 5th falling edge of CO(BRG) after goes high. 
B. With TR initially full, TDTX occurs from the trailing edge of 
the 16th CO(BRG) in the last Stop bit provided WR went 


high by the trailing edge of the 12th CO(BRG) in the last 
Stop bit. 

4. TCTHX is time before end of last Stop bit by which CTS must be 
inactive (high) to prevent transmission of the character waiting in 
TBR. 

5. With CTS high (disable transmit) and TBR full, TCLTH(TBRE) 
occurs from the 4th failing edge of CO(BRG) after CTS goes low. 

6 . With CTS high (disabie transmit) and T BR fu ll, TDTX occurs from 
the 5th falling edge of CO(BRG) after CTS goes low. 



5-37 


CMOS DATA 
COMMUNICATIONS 





82C52 


UART Timing Characterization (Continued) 

RECEIVE TIMING 



OTHER TIMING 



DSR/CTS 



NOTES: 

1. DR bit D7 in USR is updated each time DR changes state. TDRH 
always from trailing edge of 11th CO(BRG) in last Stop bit. 

2. JNIB- ao r ec eive fl a gs QE . F E . PE. and RBR K: INTEN enabled; 
Respective USR bits updated at this time regardless of interrupt 
configuration. 

- INT on OE, FE, PE, RBRK occurs from the trailing edge of the 
11th CO{BRG) in the last Stop bit. To avoid OE, nD(RBR) 
must go low by the trailing edge of the 8th CO(BRG) in the last 
Stop bit. 


3. INTR on MS : INTEN and MIEN enabled; USR bit D4(MS) is 
updated at this time regardless of INTEN/MIEN. 

- INTR on MS occurs whenever CIS or DSR input changes 
state. 
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Burn-In Circuits 


MO 82C52 CERAMIC DIP 



MR 82C52 CERAMIC LCC 
VCC C2 


Q4GNDQ3 GND VCC 
|r2|r2|r2 Ri| I i 


n 



^R2^R2^R1^R1 


T 

02 FO VCC/2 ( 

SND 

VCC 


1. VCC = 5.5V ± 0.5V 
GND = OV 

2. VIH = 4.5V ± 10% 

VIL = -0 2V to +0.4V 

3. Component Values: 

R1 = 1.2Ka 1/4W. 5% 

R2 = 47Kn, 1/4W, 5% 

R3 = lOKG, 1/4W, 5% 

Cl = I.OjjF nominal 
C2 = 0.01 pF minimum 

FO = lOOKHz ± 10%, FI = FO/2, F2 = FI/2 ' 
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Metallization Topology 

DIE DIMENSIONS: 

178.7 X 187.0 X 19 ± 1 mils 
METALLIZATION: 

Type: Silicon - Aluminum 
Thickness: 11 kA ± 2kA 
GLASSIVATION: 

Type: Nitrox 
Thickness: lOkA 
DIE ATTACH: 

Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460OC (Max) 
Ceramic LCC ~ 420OC (Max) 

WORST CASE CURRENT DENSITY: 

2.07 X 10^ A/cm2 


Metallization Mask Layout 


82C52 


DO WR RD 


CSO VCC DR 



IX OX 


SDO GND CTS 


SDI 


INTR 


RSI 


TRfU 


CO 


DTR 


DSR 
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Features 


CDP1854A 

CDP1854AC 

Programmable Universal Asynchronous 
Receiver/Transmitter (UART) 


• Two Operating Modes 

- Mode 0 - Functionally Compatible With Industry 
Types Such as the TR1602A 

- Mode 1 - Interfaces Directly With CDP1800-Series 
Microprocessors Without Additional Components 

• Full or Half Duplex Operation 

• Parity, Framing and Overrun Error Detection 

• Baud Rate 

- DC to 200K Bits/s at Vdd. 5V 

- DC to 400K Bits/s at Vdd.10V 

• Fully Programmable with Externally Selectable Word 
Length (5-8 Bits), Parity Inhibit, Even/Odd Parity, and 
1, 1 V 2 , or 2 Stop Bits 

• False Start Bit Detection 


Ordering Information 

PACKAGE 

TEMP RANGE 

5V/200K BAUD 

10V/400K 

BAUD 

Plastic DIP 

-40°C to +85°C 

CDP1854ACE 

CDP1854AE 

Burn-In 


CDP1854ACEX 

CDP1854AEX 

PLCC 

-40°C to +85°C 

CDP1854ACQ 

CDP1854AQ 

Ceramic DIP 

-40°C to -f-85°C 

CDP1854ACD 

CDP1854AD 

Burn-In 


CDP1854ACDX 

- 

883B* 

-55°Cto+125°C 

CDP1854ACD3 

CDP1854AD3 


*Respective 
data sheet. 


specifications are included at the end of this 


Pinouts 

40 LEAD DIP (MODE 0) 

TOP VIEW 


40 LEAD DIP (MODE 1) 

TOP VIEW 


Description 

The CDP1854A and CDP1854AC are silicon-gate CMOS 
Universal Asynchronous Receiver/Transmitter (UART) cir¬ 
cuits. They are designed to provide the necessary formatting 
and control for interfacing between serial and parallel data. 
For example, these UARTs can be used to Interface between 
a peripheral or terminal with serial I/O ports and the 8-bit 
CDP1800-series microprocessor parallel data bus system. 
The CDP1854A is capable of full duplex operation, i.e., 
simultaneous conversion of serial input data to parallel out¬ 
put data and parallel input data to serial output data. 

The CDP1854A UART can be programmed to operate in one 
of two modes by using the mode control input. When the input 
is high (MODE = 1), the CDP1854A is directly compatible with 
the CDP1800-series microprocessor system without addi¬ 
tional interface circuitry When the mode input is low (MODE = 
0), the device is functionally compatible with industry standard 
UARTs such as the TR1602A. It is also pin compatible with 
these types, except that pin 2 is used for the mode control 
input instead of a Vqg = -12V supply connection. 

The CDP1854A and the CDP1854AC are functionally identi¬ 
cal. The CDP1854A has a recommended operating voltage 
range of 4V to 10.5V, and the CDP1854AC has a recom¬ 
mended operating voltage range of 4V to 6.5V. 

The CDP1854A and CDP1854AC are supplied in hermetic 
40 lead dual-in-line ceramic packages (D suffix), in 40 lead 
dual-in-line plastic packages (E suffix), and in 44 lead plastic 
chip carrier packages (Q suffix). The CDP1854AC is also 
available in chip form (H suffix). 


44 LEAD PLASTIC CHIP CARRIER (Q SUFFIX) 

TOP VIEW 


MODE(V„) [7 

v„ E 

RRD E 
RBUS7 [T 
RBUS6[T 
RBUS5 E 
RBUS4 E 
RBUS3 E 

RBUS2 Qo 
RBUS1 E 

rbusoE 

PE E 
PE ^ 
OE E 
SFD [ie 
R CLOCK E 
OAR Oi 
DA 
SOI 


♦Qj T CLOCK Voo m 

il EPE MODE(Vod) m 


R CLOCK ^ 
TPB Ei 

cxFi 


40] TCLOCK 

^ psi 

^ NC 
^ css 
^ RO^ 
^ TBUS7 
^ T BUS 8 
3^ T BUS 5 
^ TBUS4 
^ TBUS3 
^ T BUS 2 
^ TBUS1 
^ TBUSO 
^ SDO 

^ CSI 

^ THRf 
21] cHar 


I I >> S I M i i i 



PI (CS3) 
CRL(RO^) 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Hams Corporation 1991 c A-t 
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Mode Input High (Mode = 1) 



Fig. 1 - Mode 1 block diagram (CDP1800-series microprocessor compatible). 


SDI 
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Specifications CDP1854A, CDP1854AC 


Maximum Ratings, Absolute Maximum Values 


DC Supply Voltage Range, (Vqq): 

(Voltages Referenced to Vss Terminal) 

CDP1854A.-0.5V to+11V 

CDP1854AC.-0.5V to +7V 

Input Voltage Range, All Inputs.-0.5V to Vqq +0.5V 

DC Input Current, any One Input.±10mA 

Power Dissipation Per Package (Pq) 

Ta = -40 to +60°C (Package Type E).500mW 

Ta = +60 to +85°C (Package Type E).Derate Linearly at 

12mW/°C to 200mW 

Ta = -55 to +100°C (Package Type D).500mW 

Ta = +100 to +125°C (Package Type D).Derate Linearly at 

12mW/°C to 200mW 

Ta = -40°C to +85°C (Package Type Q)*.500mW 


Device Dissipation Per Output Transistor 

Ta = Full Package Temperature Range.lOOmW 

Operating Temperature Range (Ta) 

(Package Type D.-55°C to +125°C 

(Package Type E and Q.-40°C to +85°C 

Storage Temperature Range (Tgtg).-65°C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. 

(1.59 ± 0.79mm) from case for 10s max.+265°C 


‘Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick GlO 
epoxy glass, or equivalent 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, unless otherwise noted. 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

Vo 

(V) 

V|N 

(V) 

Vdd 

(V) 

C 

DP1854 

lA 

C[ 

)P1854 

AC 

Min. 

Typ* 

Max. 

Min. 

Typ.* 

Max. 

Quiescent Device Current, Iqd 

— 


5 

10 

— 

0.01 

1 


B 

■ 

200 

pA 

Output Low Drive (Sink) Current, Iql 
(E xcept pins 24 and 25) 

m 


5 

10 

1 

2 

2 

4 

I 

B 

B 

B 

mA 

Output High Drive (Source) Current, Iqh 


0,5 

0, 10 

5 

10 

-0.55 

-1.3 

-1.1 

-2.6 

— 

-0.55 

-1.1 

— 

mA 

Output Low Drive (Sink) Current, Iql 

Pins 24 and 25 

H 

0,5 

0, 10 

5 

10 

1.6 

32 

3.5 

7 

H 

1.6 

3.5 

— 

mA 

Output Voltage Low-Level, Vql* 

■ 

0,5 

0. 10 

5 

10 

— 

0 

0 

0.1 

0.1 

— 

0 

0.1 

V 

Output Voltage High-Level, Vqh* 

■ 

0,5 

0, 10 

5 

10 

4.9 

9.9 

5 

10 

— 

B 

5 

— 

Input Low Voltage, V|l 


— 

5 

10 

— 

— 

1.5 

3 

— 

B 

1.5 

V 

Input High Voltage, V|h 

0.5,4.5 

0.5,9.5 

— 

5 

10 

3.5 

7 

H 

H 

3.5 

B 

B 

Input Current, I|n 

— 

0,5 

0, 10 

5 

10 

— 


±1 

±2 

— 

— 

±1 

pA 

3-State Output Leakage Current, IqlIT 

0, 5 

0, 10 

0,5 

0, 10 

5 

10 

— 

— 

±1 

±10 

B 

B 

±1 

/^A 

Operating Current, Iqdi^ 

■ 

0,5 

0, 10 

5 

10 

— 

1.5 

6 

— 

B 

1.5 

— 

mA 

Input Capacitance, C|n 

_ 

— 

_ 

— 

5 

7.5 

_ 

5 

7.5 

PF 

Output Capacitance, Cqut 

- 

- 

- 

- 

10 

15 

— 

10 

15 


•Typical values are for Ta=25®C. ♦ IOL=IOH=1 M- 

^Operating current is measured at 200 kHz for Vdd= 5 V and 400 kHzfor Vqd^IO V in a CDP1800-series microprocessor system, 
with open outputs. 

RECOMMENDED OPERATING CONDITIONS at Ta=FuII Package Temperature Range 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 



CONDITIONS 


LIMITS 



CHARACTERISTIC 

Vdd 

CDP1854A 

CDP1854AC 

UNITS 


V 

Min. 

Max. 

Min. 

Max. 


DC Operating-Voltage Range 

— 

4 


4 

6.5 

V 

Input Voltage Range 

— 


BBBI 


Vdd 

V 

Baud Rate (Receive or Transmit) 

5 

- 

200 

- 

200 

K bits 

10 

— 

400 

— 

— 

/sec 


5-43 


CMOS DATA 
COMMUNICATIONS 




















































































































CDP1854A, CDP1854AC 


Functional Definitions for CDP1854A Terminals 
Model 

CDP1800-Series Microprocessor Compatible 
SIGNAL: FUNCTION 

Vdd: 

Positive suppiy voitage 
MODE SELECT (MODE); 

A high-levei voitage at this input selects CDP1800-serles 
microprocessor Mode operation. 

Vss: 

Ground 

CHIP SELECT 2 (CS^: 

A low-level voltage at this input together with CS1 and CSS 
selects the CDP1854A UART. 

RECEIVER BUS (R BUS 7 - R BUS 0): 

Receiver parallel data outputs (may be externally connected 
to corresponding transmitter bus terminals). 

INTERRUPT (TnT): 

A low-level voltage at this output indicates the presence of 
one or more of the interrupt conditions listed In Table I. 

FRAMING ERRCR (FE): 

A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. 

PARITY ERRCR or CVERRUN ERRCR (PE/CE): 

A high-level voltage at this output indicates that either the 
PE or CE bit in the Status Register has been set (see Status 
Register Bit Assignment, Table II. 

REGISTER SELECT (RSEL): 

This input is used to choose either the Control/Status 
Registers (high input) or the transmitter/receiver data 
registers (low input) according to the truth table In Table III. 

RECEIVER CLCCK (RCLCCK): 

Clock input with a frequency 16 times the desired receiver 
shift rate. 

TPB: 

A positive input pulse used as a data load or reset strobe. 
DATA AVAILABLE (DA): 

A low-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 

SERIAL DATA IN (SDI): 

Serial data received on this input line enters the Receiver 
Shift Register at a point determined by the character 
length. A high-level input voltage must be present when 
data is not being received. 

CLEAR (CLEAR): 

A low-level voltage at this input resets the Interrupt Flip- 
Flop, Receiver Holding Register, Control Register, and 
Status Register, and sets SERIAL DATA CUT (SDC) high. 


TRANSMITTER HCLDING REGISTER EMPTY (THRE): 

A low-level voltage at this output indicates that the Trans¬ 
mitter Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reloaded with a new 
character. 

CHIP SELECT 1 (CS1): _ 

A high-level voltage at this input together with CS2 and CSS 
selects the UART. 

REQUEST TC SEND (RTS): 

This output signal tells the p e riph eral to get ready to 
receive data. C LEAR TO SEND (CTS) is the response from 
the peripheral. RTS is set to a low-level voltage when data is 
latched in the Transmitter Holding Register or TR is set 
high, and is reset high when both the Transmitter Holding 
Register and Transmitter Shift Register are empty and TR is 
low. 

SERIAL DATA OUTPUT (SDO): 

The contents of the Transmitter Shift Register [start bit, 
data bits, parity bit, and stop bit(s)] are serially shifted out 
on this output. When no character is being transmitted, a 
high level is maintained. Start of transmission is defined as 
the transition of the start bit from a high-level to a low-level 
output voltage. 

TRANSMITTER BUS (T BUS 0 - T BUS 7): 

Transmitter parallel data input. These may be externally 
connected to corresponding Receiver bus terminals. 

RD/^: 

A low-level voltage at this input gates data from the 
transmitter bus to the Transmitter Holding Register or the 
Control Register as chosen by register select. A high-level 
voitage gates data from the Receiver Holding Register or 
the Status Register, as chosen by register select, to the 
receiver bus. 

CHIP SELECT 3 (CSS): 

With high-level voltage at this input together with CS1 and 
CS2 selects the UART. 

PERIPHERAL STATUS INTERRUPT?^): 

A high-to-low transition on thi s input line sets a bit in the 
Status Register and causes an INTERRUPT (INT=low). 

EXTERNAL STATUS (ES): 

A low-level voltage at this input sets a bit in the Status 
Register. 

CLEAR TO SEND'(CTS): 

When this input from peripheral is high, transfer of a 
character to the Transmitter Shift Register and shifting of 
serial data out is inhibited. 

TRANSMITTER CLOCK (TCLOCK): 

Clock input with a frequency 16times the desired transmitter 
shift rate. 
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Table 1 — Interrupt Set and Reset Conditions 


SET* (INT = LOW) 

RESET (INT = HIGH) 

CAUSE 

CONDITION 

TIME 

DA 

(Receipt of data) 

Read of data 

TPB leading edge 

THRE* 

(Ability to reload) 

Read of status or 

write of character 

TPB leading edge 

THRE-TSRE 

(Transmitter done) 

Read of status or 

write of character 

TPB leading edge 

pgr 

(Negative edge) 

Read of status 

TPB trailing edge 

CTS 

(Positive edge when THRE • TSRE) 

Read of status 

TPB leading edge 


‘Interrupts will occur only after the IE bit in the Control Register (see Table IV) has been set 
•THRE will cause an interrupt only after the TR bit in the Control Register (see Table IV) has been set. 


Table II — Status Register Bit Assignment 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 

Signal 

THRE 

TSRE 

PSI 

ES 

FE 

PE 

OE 

DA 

Also Available at Terminal 

22* 

— 

— 

— 

14 

15 

15 

19* 


‘Polarity reversed at output terminal. 


Bit Signal: Function 

0—DATA AVAILABLE (DA): 

When set high, this bit indicates that an entire character has 
been received and transferred to the Receiver Holding 
Register. This signal is also available at Term. 19 but with its 
polarity reversed. 

1— OVERRUN ERROR (OE): 

When set high, this bit indicates that the Data Available bit 
was not reset before the next character was transferred to 
the Receiver Holding Register. This signal OR’ed with PE is 
output at Term. 15. 

2— PARITY ERROR (PE): 

When set high, this bit indicates that the received parity bit 
does not compare to that programmed by the EVEN 
PARITY ENABLE (EPE) control. This bit is updated each 
time a character is transferred to the Receiver Holding 
Register. This signal OR’ed with OE is output at Term. 15. 

3— FRAMING ERROR (FE): 

When set high, this bit indicates that the received character 
has no valid stop bit, i.e., the bit following the parity bit (if 
programmed) is not a high-level voltage. This bit is updated 
each time a character is transferred to the Receiver Holding 
Register. This signal is also available at Term. 14. 


4— EXTERNAL STATUS (ES): _ 

This bit is set high by a low-level input at Term. 38 (ES). 

5— PERIPHERAL STATUS INTERRUPT (PSI): 

This bit i s set high by a high-to-low voltage transition of 
Term. 37 (PSI ). The INTERRUPT output (Term. 13) is also 
asserted (INT=low) when this bit is set. 

6— TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 
When set high, this bit indicates that the Transmitter Shift 
Register has completed serial transmission of a full 
character including stop bit(s). It remains set until the start 
of transmission of the next character. 

7— TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
When set high, this bit indicates that the Transmitter 
Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reload ed with a new 
character. Setting this bit also sets the THR E output (Term. 
22) low and causes an INTERRUPT (INT=low), if TR is 
high. 
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Description of Mode 1 Operation CDP1800-Series Micro¬ 
processor Compatible (Mode Input^Vpo) 

1. Initiaiization and Controis 

In the CDP1800-series microprocessor compatible mode, 
the CDP1854A Is configured to receive commands and 
send status via the microprocessor data bus. The register 
connected to the transmitter bus or the receiver bus is 
determined by the RD/WR and RSEL Inputs as follows: 


Table III — Register Selection Summary 


RSEL 

RD/WR 

Function 

Low 

Low 

Load Transmitter Holding Register from 
Transmitter Bus 

Low 

High 

Read Receiver Holding Register from 
Receiver Bus 

High 

Low 

Load Control Register from Transmitter 
Bus 

High 

High 

Read Status Register from Receiver Bus 


In this mode the CDP1854A is compatible with a bidirec¬ 
tional bus system. The receiver and transmitter buses are 
connected to the bus. CDP1800-series microprocessor I/O 
control output signals can be connected directly to the 
CDP1854A inputs as shown in Fig. 2. The CLEAR input is 
pulsed, resetting the Control, Status, and Receiver Holding 
Registers and setting SERIAL DATA OUT (SDO) high. The 
Control Register is loaded from the Transmitter Bus in 
order to determine the operating configuration for the 
UART. Data is transferred from the Transmitter Bus inputs 
to the Control Reg ister during TPB when the UART is 
selected (CS1 • CS2 • CS3=1) and the Control Register is 
designated (RSEL=H, RD/WR=L). The CDP1854A also has 
a Status Register which can be read onto the Receiver Bus 
(R BUS 0 - R BUS 7) in order to determine the status of the 
UART. Some of these status bits are also available at 
separate terminals as indicated in Table II. 

2. Transmitter Operation 

Before beginning to transmit, the TRANSMIT REOUEST 
(TR) bit in the Control Register (see bit assignment. Table 
IV) is set. Loading the Control Register with TR=1 (bit 
7=high) inhibits changing the other control bits. Therefore 
two loads are required: one to format the U ART, the second 
to set TR. When TR has been set, a TRANSMITTER 
HCLDING REGISTER EMPTY (THRE) interrupt will occur, 
signalling the microprocessor that the Transmitter Holding 
Register is empty and may be loaded. Setting TR also 
cause s assertion of a low-level on the REOUEST TC SEND 
(RTS) output to the peripheral. It is not necessary to set TR 
for prop er oper ation for the UART. If desired, it can b e used 
to enable THRE Interrupts and to generate the RTS signal. 
The Transmitter Holding Register is loaded from the bus by 
TPB during execution of an o utpu t instruction. The 
CDP1854A is selected by CS1 • CS2 • CS3=1, and the 
Holding R egister is^selected by RS EL=L and RD/W]^=L. 
When the CLEAR TO SEND (CT$) input, which can be 
connected to a peripheral device output, goes low, the 
Transmitter Shift Register will be loaded from the Trans- 
mitte r Holding Register and data transmission will begin. If 
CTS is always low, the Transmitter Shift Register will be 
loaded on the first high-to-low edge of the clock which 
occurs at least 1/2 clock period after the trailing edge of 
TPB and transmission of a start bit will occur 1/2 clock 
period later (see Fig. 3). Parity (if programmed) and stop 
bit(s) will be transmitted following the last data bit. If the 
word length selected is less than 8 bits, the most significant 
unused bits in the transmitter shift register will not be 
transmitted. 


One transmitter clock period after the Transmitter Shift 
Regi ster is loaded from the Transmitter Holding Regi ster , 
the THRE signal will go low and an interrupt will occur (INT 
goes low). The next character to be transmitted can then be 
loaded into the Transmitter Holding Register for trans¬ 
mission with Its start bit Immediately following the last stop 
bit of the previous character. This cycle can be repeated 
until the last character is transmitted, at which time a final 
THRE • TSRE interrupt will occur. This interrupt signals the 
microprocessor that TR can be turned off. This is done by 
reloading the original control byte in the C ontrol Register 
with t h e TR bit = 0, thus terminating the REQUEST TO 
SEND (RTS) signal. 

SERIAL DATA OUT (SDO) can be held low by setting the 
BREAK bit in the Control Register (see Table IV). SDO is 
held low until the BREAK bit is reset. 



Fig. 2 - Recommended CDP1800-series connection, 
Mode 1 {non-interrupt driven system). 


3. Receiver Operation 

The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After detection of the first 
high-to-low transition on the SDI line, a valid start bit is 
verified by checking for a low-level input 7-1/2 receiver 
clock periods later. When a valid start bit has been verified, 
the following data bits, parity bit (if programmed) and stop 
bit(s) are shifted into the Receiver Shift Register by clock 
pulse 7-1/2 in each bit time. The parity bit (if programmed) 
is checked and receipt of a valid stop bit is verified. On 
count 7-1/2 of the first stop bit, the received data is loaded 
into the Receiver Holding Register. If the word length is less 
than 8 bits, zeros (low output level) are loaded Into the 
unused most significant bits. If DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) status bit is 
set. One half clock period later, the PARITY ERROR (PE) 
and FRAMING ERROR (FE) status bits become valid for the 
character in the Receiver Holding Register. At this time, the 
Data Available status bit is also set and the DATA 
AVAILABLE (DA) and INTERRUPT (INT) outputs go low, 
signalling the microprocessor that a received character is 
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ready. The microprocessor responds by executing an input 
instruction. The UART’s 3-state bus drive rs are enabled 
when the DART is selected (CS1 • CS2 * CS3=1) and 
RD/WR=high. Status can be read when RSEL=high. Data 
is read when RSEL=low. When reading data, TPB latches 
data in the microprocessor and resets DATA AVAILABLE 
(DA) in the UART. The preceding sequence is repeated for 
each serial character which is received from the peripheral. 


4. Peripheral Interface 

In addition to serial data in and out, four signals are 


provided for communication with a peripheral. The 
REQUEST TO SEND (RTS) output signal alerts the 
perip he ral to get ready to receive data. The CLEAR TO 
SEND (CTS) input signal is the response, signalling that 
the peripheral is ready. The EXTERNAL STATUS (ES) 
input latches a peripheral statu s level, and the PERIPHERAL 
STATUS INTERRuPt (RSI) Input senses a status edge 
(high-to-low) and also generates an interru pt. For example, 
the modem DATA CARRIER DETECT line could be 
connected to the PSI Input on the UART in order to signal 
the microprocessor that transmission failed because of 
loss of the carrier on the communications line. The PSI and 
ES bits are stored In the Status Register (see Table II). 


Table IV — Control Register Bit Assignment 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 

Signal 

TR 

BREAK 

■a 

WLS2 

WLS1 

SBS 

EPE 

PI 


Bit Signal: Function 

0—PARITY INHIBIT (PI): 

When set high parity generation and verification are 
inhibited and the PE Status bit is held low. If parity Is 
inhibited the stop bit(s) will immediately follow the last data 
bit on transmission, and EPE is ignored. 

1— EVEN PARITY ENABLE (EPE): 

When set high, even parity is generated by the transmitter 
and checked by the receiver. When low, odd parity Is 
selected. 

2— STOP BIT SELECT (SBS): 

See table below. 

3— WORD LENGTH SELECT 1 (WLS1): 

See table below. 

4— WORD LENGTH SELECT 2 (WLS2): 

See table below. 


5— INTERRUPT ENABLE (IE): _ 

When set high THRE, DA, THRE • TSRE, CTS, and PSI 
Interrupts are enabled (see Interrupt Conditions, Table I). 

6— TRANSMIT BREAK (BREAK): 

Holds SDO low when set. Once the break bit in the control 
register has been set high, SDO will stay low until th e break 
bit is rese t low and one of the following occurs: CLEAR 
goes low; CTS goes high; or a word is transmitted. (The 
transmitted word will not be valid since there can be no start 
bit if SDO is already low. SDO can be set high without 
intermediate transitions by transmitting a word consisting 
of all zeros). 

7— TRANSMIT REQUEST (TR): 

When set high, RTS is set low and d ata tra nsfer through the 
transmitter is initiated by the initial THRE interrupt. (When 
loading the Control Register from the bus, this (TR) bit 
inhibits changing of other control flip-flops). 


Bit 4 

Bits 

Bits 

Function 

WLS2 

WLS1 

SBS 

0 

0 

0 

5 data bits, 1 stop bit 

0 

0 

1 

5 data bits, 1.5 stop bits 

0 

1 

0 

6 data bits, 1 stop bit 

0 

1 

1 

6 data bits, 2 stop bits 

1 

0 

0 

7 data bits, 1 stop bit 

1 

0 

1 

7 data bits, 2 stop bits 

1 

1 

0 

8 data bits, 1 stop bit 

1 

1 

1 

8 data bits, 2 stop bits 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vqd ±5%, tr,tf=20 ns, V|h=0.7 Vdd. V|l=0.3 Vdd» 
C[.=100 pF, see Fig. 3. 





LIMITS 


CHARACTERISTIC 


VdD 

CDP1854A 

CDP1854AC 

UNITS 



(V) 

Typ.t 

Max.^ 

■nsi 

Max.^ 


I Transmitter Timing — Mode 1 | 

Minimum Clock Period 

tcc 

5 

250 


250 

310 

ns 


10 

125 


— 

— 

Minimum Pulse Width: 


5 

100 

125 

100 

125 


Clock Low Level 

tCL 

10 

75 

100 

— 

— 

ns 

Clock High Level 

tCH 

5 

100 

125 

100 

125 

ns 


10 

75 

100 

— 

— 

TPB 

tTT 

5 

10 

100 

50 

150 

100 

150 

ns 


75 

— 

— 

Minimum Setup Time. 


5 

175 

225 

175 

225 


TPB to Clock 

tTC 

10 

90 

150 

— 

— 

ns 

Propagation Delay Time: 


5 

300 

450 

300 

450 

ns 

Clock to Data Start Bit 

tCD 

10 

150 

225 

— 

— 

TPB to THRE 

tTTH 

5 

200 

300 

200 

300 

ns 


10 

100 

150 

— 

— 

Clock to THRE 

tCTH 

5 

200 

300 

200 

300 

ns 


10 

100 

150 

— 

— 


+Typical values are for T/\=25®C and nominal voltages. 

^Maximum limits of minimum characteristics are the values above which all devices function. 



* THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TPB 

THE TRANSMITTER SHIFT REGISTER IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD + tyc AFTER THE TRAILING EDGE OF TPB, AND 
TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcD LATER 
t WRITE IS THE OVERLAP OF TPB, CSI, AND CS3 = I AND CS3, RD/WR* 0 92CM-3I878 


Fig. 3 - Transmitter timing diagram - Mode 1. 


5-48 
































































DYNAMIC ELECTRICAL CHARACTERISTICS at Ta 
Cl= 100 pF, see Fig. 4. 


CDP1854A, CDP1854AC 

40 to +85° C, Vdd ±5%, tr,tf=20 ns, V|h=0.7 Vdd. V|l=0.3 Vdd. 





LIMITS 


CHARACTERISTIC 


Vdd 

CDP1854A 

CDP1854AC 

UNITS 



(V) 


Max.’^ 

wsm 

Max.^ 


Receiver Timing ~ Mode 1 | 

Minimum Clock Period 

tec 

5 



250 

310 

ns 


10 



— 

— 

Minimum Pulse Width; 


5 

100 





Clock Low Level 

tCL 

10 

75 




ns 

Clock High Level 

tCH 

5 

100 

■QH 

100 

125 

ns 


10 

75 

IHEI 


— 

TPB 

tTT 

5 

100 

150 



ns 


10 

50 

75 



Minimum Setup Time: 


5 


150 

100 

150 


Data Start Bit to Clock 

tQC 

10 

■ESI 

75 

— 

— 

ns 

Propagation Delay Time; 


5 


325 

220 

325 


TPB to DATA AVAILABLE 

tTDA 

10 


175 

— 

— 

ns 

Clock to DATA AVAILABLE 

tCDA 

5 

220 

325 

220 

325 

ns 


10 

110 

175 

— 

— 

Clock to Overrun Error 

tCOE 

5 

210 

300 

210 

300 

ns 


10 

105 

150 

— 

— 

Clock to Parity Error 

tCPE 

5 

WM 


240 

375 

ns 


10 



— 

— 

Clock to Framing Error 

tCFE 

5 

200 

300 

200 

300 

ns 


10 


150 

— 

— 


tTypical values are forT/^=25°C and nominal voltages 
♦Maximum limits of minimum characteristics are the values above 


which all devices function. 



IF A START BIT OCCURS AT A TIME LESS THAN tpQ BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 

THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK 
THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 

READ IS THE OVERLAP OF CSI, CSS, RD/WR-I AND ^»0. 

IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE 
TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 
t OE AND PE SHARE TERMINAL 15 AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTER 


Fig. 4 - Mode 1 receiver timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85® C, Vdd ±5%, tr,tf=20 ns, V|h=0.7 Vdd. V|l=0.3 Vdd. 
Cl= 100 pF, see Fig. 5. 




mm 

LIMITS 


CHARACTERISTIC 



CDP1854A 

CDP1854AC 

UNITS 



mSM 

nsi 

Max.^ 

BSfSI 

Max.^ 


I CPU Interface — WRITE Timing - Mode 1 1 

Minimum Pulse Width: 


5 

100 

150 

100 

150 

ns 

TPB 

tTT 

10 

50 

75 

— 

— 

Minimum Setup Time: 


5 

50 

75 

50 

75 

ns 

RSEL to Write 

tRSW 

10 

25 

40 

— 

— 

Data to Write 

tDW 

5 

10 

■■ 

0 

0 

-30 

0 

ns 

Minimum Hold Time: 


5 

50 

75 

50 

75 

ns 

RSEL after Write 

tWRS 

10 

25 

40 

— 

— 

Data after Write 

tWD 

5 

■■ 

125 

75 

125 

ns 


10 


60 

— 

— 


^Typical values are for Ta= 25®C and nominal voltages. 

^Maximum limits of minimum characteristics are the values above which all devices function. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vdd ±5%, tr,tf=20 ns, V|h=0.7 Vdd> V|l=0.3 Vdd> 
Cl= 100 pF, see Fig. 6.__ 





LIMITS 


CHARACTERISTIC 


Vdd 

c 

:DP1854A 

CDP1854AC 

UNiTS 



(V) 

Min. 

Typ.t 

Max.^ 


Typ.t 

Max.^ 


1 CPU Interface ~ READ Timing - Mode 1 | 

_ 


BBI 

Minimum Pulse Width: 


5 

ig 

100 

150 

g| 

100 

150 

ns 

TPB 

tTT 

10 


50 

75 


—• 

— 


Minimum Setup Time: 


5 

PI 

50 

75 


50 

75 

ns 

RSEL to TPB 

tRST 

10 


25 

40 


— 

— 

Minimum Hold Time: 


5 

PI 

50 

M 


50 

75 

ns 

RSEL after TPB 

tTRS 

10 


25 

Mm 


— 

— 




5 

IBS! 

200 

■am 

bbb 

200 

300 


Read to Data Access Time 

tRDDA 

10 

■ 

100 

in 

B 

_ 

— 

ns 1 



5 


200 


igigi 

200 

300 


Read to Data Valid Time 

tRDV 

10 






ns 



100 


— 

— 




5 

gig 

150 

225 

g^gi 

150 

225 

Bgg 

RSEL to Data Valid Time 

tRSDV 

10 

■1 

75 

125 

B 

_ 

_ 

ns 

Hold Time: 


5 

50 

150 

B 

50 

150 

B 

ns 

Data after Read 

tRDH 

10 

25 

75 

B 

_ 

_i 

B 


tTypical values are for Ta= 25®C and nominal voltages. 

^Maximum limits of minimum characteristics are the values above which all devices function. 
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* WRITE IS THE OVERLAP OF TPB, CSI,CS3 = I AND CS2, RD/WR = 0 

Fig. 5 - Mode 1 CPU interface {WRITE) timing diagram. 




u 

.-tjT-H 

TPB 


r 

L. 


M- 
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RSEL 





!-^^sdv-h 

1 

R BUSO- 

/— 

- ^ - 

. 

R BUS 7 

, N_ 

A 

II ■ '' 


‘RDDA 

I 


_ 'r 

-^DV— 


—n ^RDH 








1 

1 

1 






^ READ IS THE OVERLAP OF CSI, CS3, RD/WR = I AND CS2 = 0 


92CM-3I88I 


Fig. 6 - Mode 1 CPU interface {READ) timing diagram. 



92Cl- 28458RI 


Fig. 7 - Mode 0 block diagram {industry standard compatible) 
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Functional Definitions for CDP1854A Terminals 
Standard Mode 0 

SIGNAL: FUNCTION 

Vdd: 

Positive supply voltage. 

MODE SELECT (MODE): 

A low-level voltage at this input selects Standard Mode 0 
Operation. 

VSS: 

Ground. 

RECEIVER REGISTER DISCONNECT (RRD): 

A high-level voltage applied to this input disconnects the 
Receiver Holding Register from the Receiver Bus. 

RECEIVER BUS (R BUS 7 - R BUS 0): 

Receiver parallel data outputs. 

PARITY ERROR (PE): 

A high-level voltage at this output indicates that the 
received parity does not compare to that programmed by 
the EVEN PARITY ENABLE (EPE) control. This output is 
updated each time a character is transferred to the Receiver 
Holding Register. PE lines from a number of arrays can be 
bused together since an output disconnect capability is 
provided by the STATUS FLAG DISCONNECT (SFD) line. 

FRAMING ERROR (FE): 

A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) Is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. FE lines from 
a number of arrays can be bused together since an output 
disconnect capability is provided by the STATUS FLAG 
DISCONNECT (SFD) line. 

OVERRUN ERROR (OE): 

A high-level voltage at this output indicates that the DATA 
AVAILABLE (DA) flag was not reset before the next 
character was transferred to the Receiver Holding Register. 
OE lines from a number of arrays can be bused together 
since an output disconnect capability is provided by the 
STATUS FLAG DISCONNECT (SFD) line. 

STATUS FLAG DISCONNECT (SFD): 

A high-level voltage applied to this Input disables the 3- 
state output drivers for PE, FE, OE, DA, and THRE, allowing 
these status outputs to be bus connected. 

RECEIVER CLOCK (RCLOCK): 

Clock input with a frequency 16 times the desired receiver 
shift rate. 

DATA AVAILABLE RESET (DA^: 

A low-level voltage applied to this input resets the DA 
flip-flop. 

DATA AVAILABLE (DA): 

A high-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 

SERIAL DATA IN (SDI): 

Serial data received at this input enters the receiver shift 
register at a point determined by the character length. A 
high-level voltage must be present when data is not being 
received. 

MASTER RESET (MR): 

A high-level voltage at this input resets the Receiver 
Holding Register, Control Register, and Status Register, 
and sets the serial data output high. 


TRANSMITTER HOLDING REGISTER EMPTY (THRE): 

A high-level voltage at this output indicates that the 
Transmitter Holding Register has transferred its contents 
to the Transmitter Shift Register and may be reloaded with 
a new character. _ 

TRANSMITTER HOLDING REGISTER LOAD (THRL): 

A low-level voltage applied to this Input enters the character 
on the bus into the Transmitter Holding Register. Data is 
latched on the trailing edge of this signal. 

TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 

A high-level voltage at this output indicates that the 
Transmitter Shift Register has completed serial transmission 
of a full character including stop bit(s). It remains at this 
level until the start of transmission of the next character. 

SERIAL DATA OUTPUT (SDO): 

The contents of the Transmitter Shift Register (start bit, 
data bits, parity bit, and stop blt(s)) are serially shifted out 
on this output. When no character is being transmitted, a 
high-level Is maintained. Start of transmission is defined as 
the transition of the start bit from a high-level to a low-level 
output voltage. 

TRANSMITTER BUS (T BUS 0 - T BUS 7): 

Transmitter parallel data Inputs. 

CONTROL REGISTER LOAD (CRL): 

A high-level voltage at this input loads the Control Register 
with the control bits (PI, EPE, SBS, WLS1, WLS2). This line 
may be strobed or hardwired to a high-level input voltage. 

PARITY INHIBIT (PI): 

A high-level voltage at this input inhibits the parity genera¬ 
tion and verification circuits and will clamp the PE output 
low. If parity Is inhibited the stop bit(s) will immediately 
follow the last data bit on transmission. 

STOP BIT SELECT (SBS): 

This Input selects the number of stop bits to be transmitted 
after the parity bit. A high-level selects two stop bits, a 
low-level selects one stop bit. Selection of two stop bits 
with five data bits programmed selects 1.5 stop bits. 



92CS-34506 


Fig. 8 - Mode 0 connection diagram. 
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WORD LENGTH SELECT 2 (WLS2): 

WORD LENGTH SELECT 1 (WLS1): 

These two inputs select the character length (exclusive of 
parity) as follows: 


WLS2 

WLS1 

Word Length 

Low 

Low 

5 Bits 

Low 

High 

6 Bits 

High 

Low 

7 Bits 

High 

High 

8 Bits 


EVEN PARITY ENABLE (EPE): 

A high-level voltage at this input selects even parity to be 
generated by the transmitter and checked by the receiver. A 
low-level input selects odd parity. 

TRANSMITTER CLOCK (TCLOCK): 

Clock input with a frequency 16 times the desired transmitter 
shift rate. 


Description of Standard Mode 0 Operation 
(Mode lnput=Vss) 

1. Initialization and Controls 

The MASTER RESET (MR) input is pulsed, resetting the 
Control, Status, and Receiver Holding Registers and setting 
the SERIAL DATA OUTPUT (SDO) signal high. Timing is 
generated from the clock inputs. Transmitter Clock 
(TCLOCK) and Receiver Clock (RCLOCK), at a frequency 
equal to 16 times the serial data bit rate. When the receiver 
data input rate and the transmitter data output rate are the 
same, the TCLOCK and RCLOCK inputs may be connected 
together. The CONTROL REGISTER LOAD (CRL) input is 
pulsed to store the control inputs PARITY INHIBIT (PI), 
EVEN PARITY ENABLE (EPE), STOP BIT SELECT (SBS), 
and WORD LENGTH SELECTS (WLS1 and WLS2). These 
inputs may be hardwired to the proper voltage levels (Vss 
or Vdd) instead of being dynamically set and CRL may be 
hardwired to Vdd- The CDP1854A is then ready for 
transmitter and/or receiver operation. 

2. Transmitter Operation 

For the transmitter timing diagram refer to Fig. 10. At the 
beginning of atypical transmitting sequence the Transmitter 
Holding Register is empty (THRE is HIGH). A character is 
transferred from the transmitter bus to the Transmitter 


holding Register by applying a low pulse to the TRANS¬ 
MITTER HOLDING REGISTER LOAD (THRL) input causing 
THRE to go low. If the Transmitter Shift Register is empty 
(TSRE is HIGH) and the clock is low, on the next high-to- 
low transition of the clock the character is loaded into the 
Transmitter Shift Register preceded by a start bit Serial 
data transmission begins 1/2 clock period later with a start 
bit and 5-8 data bits followed by the parity bit (if pro¬ 
grammed) and stop bit(s). The THRE output signal goes 
high 1/2 clock period later on the high-to-low transition of 
theclock. WhenTHREgoes high, another character can be 
loaded into the Transmitter Holding Register for trans¬ 
mission beginning with a start bit immediately following the 
last stop bit of the previous character. This process is 
repeated until all characters have been transmitted. When 
transmission is complete, THRE and Transmitter Shift 
Register Empty (TSRE) will both be high. The format of 
serial data is shown in Fig. 12 Duration of each serial 
output data bit is determined by the transmitter clock 
frequency (fCLOCK) and will be 16/f CLOCK. 

3. Receiver Operation 

The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After the detection of a 
high-to-low transition on the SDI line, a divide-by-16 
counter is enabled and a valid start bit is verified by 
checking for a low-level input 7-1/2 receiver clock periods 
later. When a valid start bit has been verified, the following 
data bits, parity bit (if programmed), and stop bit(s) are 
shifted into the Receiver Shift Register at clock pulse 7-1/2 
in each bit time. If programmed, the parity bit is checked, 
and receipt of a valid stop bit is verified. On count 7-1/2 of 
the first stop bit, the received data is loaded into the 
Receiver Holding Register. If the word length is less than 8 
bits, zeros (low output voltage level) are loaded into the 
unused most significant bits. If DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) signal is 
raised. One-half clock period later, the PARITY ERROR 
(PE) and FRAMING ERROR (FE) signals become valid for 
the character in the Receiver Holding Register The DA 
signal is also raised at this time. The 3-state output drivers 
for DA, OE, PE and FE are enabled when STATUS FLAG 
DISCONNECT (SFD) is low. When RECEIVER REGISTER 
DISCONNECT (RRD) goes low, the receiver bus 3-state 
output drivers are enabled and data is available at the 
RECEIVER BUS (R BUS 0 - R BUS 7) outputs. Applying a 
negative pulse to the DATA AVAILABLE RESET (DAR) 
resets DA. The preceding sequence of operation is repeated 
for each serial character received. A receiver timing diagram 
is shown in Fig. 11. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ±5%, lr,t|=20 ns, V|h=0.7 Vdd. Vm =0.3 Vno. 
Cl= 100 pF, see Fig. 9. 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

CDP1854A 

CDP1854AC 

Typ.t 

Max.^ 

Typ.t 

Max/ 

Interface Timing — Mode 0 | 

Minimum Pulse Width: 


5 

100 

150 


150 


CRL 

tCRL 

10 

50 

75 


— 

ns 

Minimum Pulse Width: 


5 

200 

400 

200 

400 


MR 

tMR 

10 

100 


— 

— 

ns 

Minimum Setup Time: 


5 

40 

80 

40 

80 


Control Word to CRL 

tcwc 

10 

20 

50 

— 

— 

ns 

Minimum Hold Time: 


5 

100 

150 

IIIIR9 



Control Word after CRL 

tccw 

10 

50 

75 

mu 

mm 

ns 

Propagation Delay Time: 




300 


999 


SFD High to SOD 

tSFDH 



150 

mm 

mm 

ns 

SFD Low to SOD 

^SFDL 

5 

75 

120 

75 

120 

ns 



10 

40 

60 

— 

— 


RRD High to Receiver Register 



200 



300 


High Impedance 

IRRDH 


100 


— 

_ 

ns 

RRD Low to Receiver Register Active 

tRRDL 

5 

100 

150 

100 

150 

ns 



10 

50 

75 

— 

— 



tTypical values are for Ta= 25°C and nominal voltages. 

^Maximum limits of minimum characteristics are the values above which all devices function. 


CONTROL INPUT WORD TIMING 


CONTROL WORD 
INPUT 



CRL 


/ 


STATUS OUTPUT TIMING 


STATUS 

OUTPUTS 


SFD 


I-4—-fsFDH 


RECEIVER REGISTER DISCONNECT TIMING 


R BUS 0-“ 
R BUS 7 . 


—HfRRDHh 


U-fRRDL-^ 


92CM-3I875 


Fig. 9 - Mode 0 interface timing diagram. 
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CDP1854A, CDP1854AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85»C, Vdd ±5%, tr,t(=20 ns. V|h=0.7 Vdd. Vil=0.3 Vdd. 
Cl= 100 pF, see Fig. 10. 





LIMITS 


CHARACTERISTIC 


Vdd 

CDP1854A 

CDP1854AC 

UNITS 



(V) 

Typ.t 

Max.^ 

Typ.t 

Max.^ 


I Transmitter Timing — Mode 0 | 


Minimum Clock Period 

tec 

5 

250 

310 

250 

310 

ns 


10 

125 

155 

— 

— 

Minimum Pulse Width: 


5 

100 

125 

100 

125 


Clock Low Level 

tCL 

10 

75 

100 

— 

— 

ns 

Clock High Level 

tCH 

5 

100 

■i 

100 

125 

ns 


10 

75 


— 

— 

THRL 


5 

100 

150 

100 

150 


tTHTH 

10 

50 

75 



ns 

Minimum Setup Time: 


5 

175 

275 

175 

275 


THRL to Clock 

tTHC 

10 

90 

150 

— 

— 

ns 

Data to THRL 

tDT 

5 

20 

50 

20 

50 

ns 


10 

0 

40 

— 

— 

Minimum Hold Time: 


5 

80 

120 

80 

120 


Data after THRL 

tTD 

10 

40 

60 

— 

— 

ns 

Propagation Delay Time: 


5 

300 

450 

300 

450 

ns 

Clock to Data Start Bit 

tCD 

10 

150 

225 

— 

— 

Clock to THRE 

tCT 

5 

200 


200 

300 

ns 


10 

100 

BSI 

— 

— 

THRL to THRE 

tTTHR 

5 

200 

300 

200 

300 

ns 


10 

100 

150 

— 

— 

Clock to TSRE 

tTTS 

5 

200 

300 

200 

300 

ns 


10 

100 

150 

— 

— 


^Typical values are for Ta= 25®C and nominal voltages. 

*^Maximum limits of minimum characteristics are the values above which ail devices function. 



* THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF THRL. 

** THE TRANSMITTER SHIFT REGISTER. IF EMPTY, IS LOADED ON THE FIRST HIGH-TO-LOW TRAN SITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD+txHCAFTER THE TRAILING EDGE OF THRL, AND TRANS¬ 
MISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD+ tcD LATER 

92CM-3ie76RI 

Fig. 10- Mode 0 transmitter timing diagram. 
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CDP1854A, CDP1854AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vdd ±5%, tr,tf=20 ns, V|h=0.7 Vdd» V|l=0.3 Vdd. 
Cl=100 pF, see Fig. 11._ 





LIMITS 


CHARACTERISTIC 


Vdd 

CDP1854A 

CDP1854AC 

UNITS 



(V) 

Typ.t 

Max.^ 

Typ.t 

Max.^ 


Receiver Timing — Mode 0 



5 

250 

310 

250 

310 


Minimum Clock Period 

tec 

10 

125 

155 

— 

— 

ns 

Minimum Pulse Width; 


5 

100 

125 

100 

125 

ns 

Clock Low Level 

tCL 

10 

75 

100 

— 

- 



5 

100 

125 

100 

125 


Clock High Level 

tCH 

10 

75 

100 

— 

— 

ns 



5 

50 

75 

50 

75 


DATA AVAILABLE RESET 

tDD 

10 

25 

40 

_ 

_ 

ns 

Minimum Setup Time: 


5 

100 

150 

100 

150 

ns 

Data Start Bit to Clock 

*00 

10 

50 

75 

— 

— 


Propagation Delay Time; 








DATA AVAILABLE RfeSEt to 


5 

150 

225 

150 

225 

ns 

Data Available 

tDDA 

10 

75 

125 

— 

— 




5 


325 

225 

325 


Clock to Data Valid 

tCDV 

10 


175 

— 

— 

ns 



5 

225 


225 

325 


Clock to Data Available 

tCDA 

10 

110 


— 

— 

ns 



5 

210 


210 

300 


Clock to Overrun Error 

tCOE 

10 

100 


— 

— 

ns 



5 



240 

375 


Clock to Parity Error 

tCPE 

10 

Wm 


— 

— 

ns 



5 

200 


200 

300 


Clock to Framing Error 

tCFE 

10 

100 


— 

— 

ns 


+Typlcal values are for Ta= 25®C and nominal voltages. 

"^Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1854A, CDP1854AC 



* IF A START BIT OCCURS AT A TIME LESS THAN tpc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 

THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK THE START 
BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK 

* X- IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW 
WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 

92CM- 31877 


Fig. 11 - Mode 0 receiver timing diagram. 



''♦clock 



92CS-28463 


Fig. 12- Serial data word format. 
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SEMICONDUCTOR 


January 1992 


CDP1854A/3 

CDP1854AC/3 

High Reliability CMOS Programmable Universal 
Asynchronous Receiver/Transmitter (UART) 


Features 

• Two Operating Modes 

- Mode 0 - Functionally Compatible 
With Industry Types Such as the 
TR1602A 

- Mode 1 - Interfaces Directly With 
CDP1800 Series Microprocessors 
Without Additional Components 

• Full or Half-Duplex Operation 

• Parity, Framing, and Overrun Error 
Detection 

• Fuily Programmable With Externally 
Selectable Word Length (5-8 Bits), Par¬ 
ity Inhibit, Even/Odd Parity, and 1, 1 V 2 , 
or 2 Stop Bits 


Pinouts 


40 LEAD DIP (MODE 0) 
TOP VIEW 


Description 

The CDP1854A/3 and CDP1854AC/3 are high reliability silicon gate CMOS 
Universal Asynchronous Receiver/Transmitter (UART) circuits. They are 
designed to provide the necessary formatting and control for Interfacing 
between serial and parallel data. For example, these UARTs can be used to 
interface between a peripheral or terminal with serial I/O ports and the 8-bit 
CDP1800-serles microprocessor parallel data bus system. The CDP1854A/ 
3 is capable of full duplex operation, i.e., simultaneous conversion of serial 
input data to parallel output data and parallel input data to serial output 
data. 

The CDP1854A/3 UART can be programmed to operate In one of two 
modes by using the mode control input. When the mode Input Is high 
(MODE = 1), the CDP1854/V3 is directly compatible with the CDP1800 
series microprocessor system without additional interface circuitry. When 
the mode input is low (MODE = 0), the device is functionally compatible with 
industry standard UARTs such as the TR1602A. It is also pin compatible 
with these types, except that pin 2 is used for the mode control input Instead 
of Vqg = -12V supply connection. 

The CDP1854A/3 and the CDP1854AC/3 are functionally identical. The 
CDP1854/\/3 has a recommended operating voltage range of 4V to 10.5V, 
and the CDP1854AC/3 has a recommended operating voltage range of 4V 
to 6.5V. 

The CDP1854A/3 and CDP1854AC/3 are supplied in hermetic 40 lead 
Dual-ln-Llne Ceramic Packages (D suffix). 


40 LEAD DIP (MODE 1) 
TOP VIEW 


MODE (Vss) [2 

'^ss EE 




NC « NO CONNECT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I C. Handling Procedures. 
Copyright © Harris Corporation 1992 


File Number 1715.1 







Specifications CDP1854A/3, CDP1854AC/3 


MAXIMUM RATINGS, Absolute-Maximum Values 

DC SUPPLY-VOLTAGE RANGE. (Vdd) 

(All voltages referenced to Vss terminal) 

CDP1854A/3 . . . 

CDP1854AC/3 . . 

INPUT VOLTAGE RANGE, ALL INPUTS. 

DC INPUT CURRENT, ANY ONE INPUT . 

POWER DISSIPATION PER PACKAGE (Pq) 

For Ta =-55 to+100° C (PACKAGE TYPE D) . . 

ForTA= +100 tot 125° C (PACKAGE TYPED) ... 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta - FULL PACKAGE-TEMPERATURE RANGE 
OPERATING-TEMPERATURE RANGE (Ta) 

PACKAGE TYPE D . 

STORAGE TEMPERATURE (T„q) . 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 in (1 59 + 0 79 mm) from case for 10 s max 


. . -0 5 to f 11 V 

. -0 5to+7V 

-0 5 to Vdd +0 5 V 
. ±10mA 


. 500 mW 

Derate Linearly at 12 mW/°C to 200 mW 


-55 to +125°C 
-65 to +150°C 


STATIC ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Quiescent Device Current, Idd 
O utput Low Drive (Sink) Current, Iql 
O utput High Drive (Source) Current, Ioh 
O utput Voltage Low-Level, VoL* 

Output Voltage High-Level, VoH* 

Input Low Voltage, Vil 
I nput High Voltage, Vih 


CONDITIONS 


Vo 

ViN 

Vdd 

-55° C, 

+25° C 

+12 

5°C 

(V) 

(V) 

(V) 

Min. 

Max. 

Min. 

Max. 


0,5 


— 

500 

— 

1000 

— 

0, 10 

10 

— 

500 

— 

1000 

0.4 

0,5 

5 

0.75 

— 

0.5 

_ 

0.5 

0, 10 

10 

1.80 

— 

1.2 

— 

46 

0,5 

5 

— 

-0.5 

— 

-0 35 

9.5 

0, 10 

10 

— 

-1.0 

— 

-0 70 


Input Leakage Current, Iin 

— 

0,5 

0, 10 

5 

10 

— 

±1 

±1 

— 

±5 

±5 

/uA 

3-State Output Leakage Current, Iout 

0,5 

0,10 

0,5 

0, 10 

5 

10 

— 

±1 

±1 

_ 

±10 

±10 


Input Capacitance, Cin* 

— 

— 

— 

_ 

10 


10 


Output Capacitance, Cqut* 

— 

— 

— 

— 

15 

— 

15 

Pr 


‘Guaranteed but not tested 


RECOMMENDED OPERATING CONDITIONS at Ta = Full Package Temperature Range 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating-Voltage Range 
Input Voltage Range _ 

Baud Rate (Receive or Transmit) 


CONDITIONS 

LIMITS ' 1 

Vdd 

-55°C,+25°C +12 

5°C 

(V) 

Min. Max. Min. 

Max. 


4 10.5 4 

6.5 

— 

Vss Vdd Vss 

< 

o 

o 

5 

— 250 — 

215 

10 

— 520 — 

430 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics tf. tf = I5ns, V|h = Vdd. V|l = Vss, Cl = i00pF, see Figure 1 


CHARACTERISTIC 


Transmitter Timing — Mode 1 

Clock Period 
Pulse Width; 

Clock Low Level _ 

Clock High Level 

TPB 

Propagation Delay Time: 

Clock to Data Start Bit 

TPB to TH^ 

Clock to Th^ 


LIMITS 1 

-55° C, +25° C 

+125°C 

Min. 1 Max. 

Min. 1 Max. 


5 

240 

— 

280 

— 

ns 

10 

120 

— 

145 

— 

5 

105 

- 

125 

- 

ns 

10 

55 

— 

65 

— 

5 

135 

- 

155 

-- 

ns 

10 

65 

— 

80 

— 

5 

125 

— 

165 

— 

ns 

10 

70 

— 

80 

— 

5 

- 

425 

- 

485 

ns 

10 

— 

205 

— 

235 

5 

— 

315 

_ 

380 

ns 

10 

— 

155 

— 

185 

5 

- 

335 

- 

390 

ns 

10 

— 

160 

— 

190 


Dynamic Electrical Characteristics tp tf = I5ns, V|h = Vqq. V|l = Vss. Cl = l00pF, see Figure 2 


CHARACTERISTIC 

Receiver Timing — Mode 1 _ 

Clock Period 
Pulse Width: 

Clock Low Level _ 

Clock High Level 

TPB 

Setup Time; 

Data Start Bit to Clock _ 

Propagation Delay Time: 

TPB to DATA AVAILABLE _ 

Clock to DATA AVAILABLE 
Clock to Overrun Error 
Clock to Parity Error 
Clock to Framing Error 


LIMITS 1 

-55° C, +25° C 

+125°C 

Min. 1 Max. 

Min. 1 Max. 


5 

240 

— 

280 

— 

ns 

10 

120 

— 

145 

— 

5 

105 

- 

125 

- 

ns 

10 

55 

— 

65 

— 

5 

135 

- 

155 

- 

ns 

10 

65 

— 

80 

— 

5 

125 

— 

165 

- 

ns 

10 

70 

— 

80 

— 

5 

105 

- 

120 

- 

ns 

10 

65 

— 

70 

— 

5 

- 

295 

- 

340 

ns 

10 

— 

150 

— 

170 


5 

— 

305 

— 

355 

ns 

10 

_ 

150 

— 

170 

5 

— 

305 

— 

330 

ns 

10 

— 

150 

— 

175 

5 

— 

305 

— 

330 

ns 

10 

— 

150 

— 

175 

5 

— 

280 

— 

330 

ns 

10 

— 

145 

— 

165 
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Specifications CDP1854AJ3, CDP1854AC/3 


TRANSMITTER HOLDING^ /TRANSMITTER SHIFT ** ^ 
REGISTER LOADED-. /REGISTER LOADED 


2 3 U 5 6 7 




* THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TP0 

THE TRANSMITTER SHIFT REGISTER IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD + tjc AFTER THE TRAILING EDGE OF TPB, AND 
TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + Iqd LATER 
I WRITE IS THE OVERLAP OF TPB, CSI, AND CS3 * I AND CS3, RD/wR = 0 

FIGURE 1. TRANSMITTER TIMING DIAGRAM - MODE 1 




‘CHr I j‘CL 

R CLOCK n n- 


CLOCK 7V2 
SAMPLE^ 


CLOCK 7V2 LOAD HOLDING REGISTER. 


»DC’* ! I 

,_,_L_J_ 

START BIT PARITY STOP BIT I j ! 


H IF A START BIT OCCURS AT A TIME LESS THAN Iqc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 

THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK 
THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK 
K K READ IS THE OVERLAP OF CSI, CS3, RO/^M AND 052*0 

IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE 
TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 
t OE AND PE SHARE TERMINAL 15 AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTER 

FIGURE 2. MODE 1 RECEIVER TIMING DIAGRAM 


LIMITS I 

-55^ C, +25° C 

+125°C 

Min. I Max. 

Min. 1 Max. 


Dynamic Electrical Characteristics tf = I5ns. V|h = Vqq, V|l = Vss. Cl = lOOpF, see Figure 3 

LIMITS 

CHARACTERISTIC °° -55^C, +25°C \ +1 


CPU Interface — WRITE Timing — Mode 1 

Pulse Width 

TPB _ 

Setup Time 

RSEL to Write _ 

Data to Write 
Hold Time 

RSEL after Write _ 

Data after Write 


tTT 

10 

tesw 

5 

10 

tow/ 

5 

10 

twRS 

5 

10 

two 

5 


10 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics tp tf = I 5 ns. V|h = Vdd. V|t = Vss. Cl = l 00 pF, see Figure 4 




Vdd 

(V) 

LIMITS 


CHARACTERISTIC 


-55° C, 

+25° C 

+125°C 

UNITS 



Min. 

Max. 

Min. 

Max. 


CPU Interface — READ Timing — Mode 1 I 

Pulse Width 


5 

125 

— 

165 

— 

ns 

TPB 

tTT 

10 

70 

— 

80 

_ 

Setup Time. 


5 

15 

— 

0 

— 

ns 

RSEL to TPB 

tflST 

10 

20 

— 

10 

— 

Hold Time. 


5 

-10 

— 

-25 

— 

ns 

RSEL after TPB 

fTRS 

10 

5 

— 

0 


Propagation Delay Time; 


5 

— 

360 

— 

420 

ns 

Read to Data Valid Time 

tfiDV 

10 

— 

165 

— 

195 

RSEL to Data Valid Time 

tRSOV 

5 

10 

— 

250 

125 

I 

295 

145 

ns 


T BUSO- 
T BUS 7 


.. X 


{^’dw 

^WD—»| 

_ ...... X. 

1 

1 

1 






1 

1 



'mmmmwM 


* WRITE IS THE OVERLAP OF TPB, CSI,CS3 = I AND CS2. RD/WR*0 

FIGURE 3. MODE 1 CPU INTERFACE (WRITE) TIMING DIAGRAM 


-^ST-H 


L-tx 


R BUSO- 
R BUS 7 


RD/WRr ^ 

CSI,CS3 


X 




X READ IS THE OVERLAP OF CSI, CS3, RD/WR * I AND CS2 = 0 

FIGURE 4. MODE 1 CPU INTERFACE (READ) TIMING DIAGRAM 
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RRD High to Receiver Register 
High Impedance _ 

RRD Low to Receiver Register Active 


LIMITS 1 

-55° C, +25° C 

+125°C 

Min. 1 Max. 

Min. 1 Max. 


Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics tp t, = I5ns, V|h = Voq, V|l = Vgs. Cl = lOOpR see Figure 5 

I V LIMITS 

CHARACTERISTIC -55° C, +25° C I +i 


Interface Timing — Mode 0 

Pulse Width 

CRL _ 

Pulse Width' 

MR _ 

Setup Time 

Control Word to CRL 
Hold Time: 

Control Word after CRL 
Propagation Delay Time: 

SFD High to SOD 

SFD Low to SOD 


tcRL 

10 

Imr 

5 

10 

tcwc 

5 

10 

tccw 

5 

10 

tsFDH 

5 

10 

tsFDL 

5 

10 

tpROH 

5 

10 

tpRDL 

5 

10 


CONTROL INPUT WORD TIMING 


CONTROL WORD" 
INPUT 


STATUS OUTPUT TIMING 


CONTROL WORD BYTE 
-^CWC- 


RECEIVER REGISTER DISCONNECT TIMING 


FIGURE 5. MODE 0 INTERFACE TIMING DIAGRAM 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics tf = I5ns, V|h = Voo V,l = Vss. Cl = lOOpF, see Figure 6 


CHARACTERISTIC 

Vdd 

(V) 

LIMITS 

UNITS 

-55° C, 

+25° C 

+125°C 

Min. 

Max. 

Min. 

Max. 

Transmitter Timing — Mode 0 | 



5 

240 

_ 

280 

_ 


Clock Period 







ns 



10 

120 

— 

145 

— 


Pulse Width. 


5 

105 

— 

125 

_ 


Clock Low Level 

tcL 

10 

55 

— 

65 

— 




5 

135 

_ 

155 

_ 


Clock High Level 

tcH 

10 

65 

— 

80 

— 

ns 



5 

140 

_ 

165 

_ 


THRL 







ns 



10 

80 

— 

85 

— 


Setup Time 


5 

205 

— 

235 

— 


Tmi to Clock 

tTHC 

10 

120 

__ 

140 

— 




5 

25 

_ 

30 

_ 


Data to THRL 

toT 






ns 



10 

20 

— 

25 

— 


Hold Time- 


5 

60 

— 

95 

_ 









ns 

Data after THRL 

tlD 

10 

45 

— 

75 

— 


Propagation Delay Time. 


5 

— 

435 

— 

505 

ns 

Clock to Data Start Bit 

tcD 

10 

— 

205 

— 

235 




5 

_ 

345 

_ 

420 


Clock to THRE 

tcT 






ns 



10 

— 

175 

— 

200 




5 

_ 

275 

_ 

325 


THRL to THRE 

tTTHR 






ns 



10 

— 

145 

— 

165 




5 

_ 

345 

_ 

405 


Clock to TSRE 

tTTS 






ns 



10 

— 

165 

— 

190 




^ THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF THRL 

THE TRANSMITTER SHIFT REGISTER, IF EMPTY, IS LOADED ON THE FIRST HIGH-TO-LOW TRAN SITION OF THE 
CLOCK WHICH OCCURS AT LEAST I/2 CLOCK PERIODMjhCAFTER THE TRAILING EDGE OF THRL, AND TRANS¬ 
MISSION OF A START BIT OCCURS I/2 CLOCK PERIOD + tco LATER 


FIGURE 6. MODE 0 TRANSMITTER TIMING DIAGRAM 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics tp tf = 15ns, V|h = Vdd. Vil = Vss. Cl = lOOpF, see Figure 7 

LIMITS 

CHARACTERISTIC °° -55°C,+25°C ^ 

_ ^ Miri. I Max. Min. 

Receiver Timing — Mode 0 _____ 

Tr~~I r ; 5 240 280 

10 120 - 145 

Pulse Width 5 105 — 125 

Clock Low Level _ tci 10 _55_ 65 

r-i ..u , 5 135 - 155 

Clock High Level _ _ 3 ^ 

DATA AVAILABLE RESET too ^ 75 — 90 

_10_45__ 50 

Setup Time- 5 105 — 130 

Data Start Bit to Clock _ tpc 10 _65_ 85 

Propagation Delay Time. 

DATA AVAILABLE RESET to 5 — 240 — 

Data Available _ tppA 10 __130_ — 

Clock to Data Valid tppv 

_10__ 175 _ — 

Clock to Data Available tcoA ??? 

_10_--_ 155 _ — 

Clock to Overrun Error tcoE 

5 275 _ 

Clock to Parity Error tcPE 

_ 10 _^ 3 ;;^_135_ — 

Clock to Framing Error tcpE 



5 

240 

_ 

280 

_ 

tcc 

10 

120 

— 

145 

ns 


5 

105 

— 

125 

— 

tcL 

10 

55 

— 

65 



5 

135 

— 

155 

— 

tcH 

10 

65 

— 

80 

ns 


5 

75 

_ 

90 

_ 

tpp 

10 

45 

— 

50 

ns 


5 

105 

_ 

130 

_ 






ns 

toe 

10 

65 

— 

85 



5 


240 


280 ns 

toDA 

10 

— 

130 

— 

145 


5 

_ 

360 

_ 

420 

tcpv 





ns 


10 

— 

175 

— 

195 


5 

— 

320 

— 

375 

tcDA 

10 


155 

— 

180 

f 

5 

— 

365 

— 

415 

ICOE 

10 

— 

170 

— 

190 


5 

_ 

275 

_ 

320 

tcPE 

10 

— 

135 

— 

155 


5 

_ 

270 

— 

320 

tcFE 

10 

— 

135 

— 

165 


CLOCK 7 Yz 
SAMPLE. 


CLOCK 7'/2 LOAD HOLDING,REGISTER 




PARITY / STOP BIT I 



^ IF A START BIT OCCURS AT A TIME LESS THAN tpc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 

THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK THE START 
BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK 

^ ^ IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW 
WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 

FIGURE 7. MODE 0 RECEIVER TIMING DIAGRAM 
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CDP1854A/3, CDP1854AC/3 


^ ^ . 6 . 


r NEXT DATA WORD 


L_STOP BITS 
1 I. I 1/2 OR 2 


FIGURE 8. SERIAL DATA WORD FORMAT 



ALL RESISTORS ARE 4Thft± 20% 


Type 

Vdd 

Temp. 

Time 

CDP1854A/3 

11 

+125°C 

160 hrs. 

CDP1854AC/3 

7 

+125°C 

160 hrs. 


FIGURE 9. BIAS/STATIC BURN-IN CIRCUIT 
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SEMICONDUCTOR 


January 1992 


CDP6402 

CDP6402C 

CMOS Universal Asynchronous 
Receiver/Transmitter (UART) 


Features 

• Low Power CMOS Circuitry.7.5mW (Typ) at 

3.2MHz (Max Freq.) at Vqq = 5V 

• Baud Rate 

- DC to 200K Bits/s (Max) at. 5V,85®C 

- DC to 400K Bits/s (Max) at.10V, 85®C 

• 4V to 10.5 Operation 

• Automatic Data Formatting and Status Generation 

• Fuily Programmabie with Externaiiy Seiectabie Word 
Length (5 - 8 Bits), Parity Inhibit, Even/Odd Parity, and 
1, 1 V 2 , or 2 Stop Bits 

• Operating Temperature Range 

- CDP6402D,CD.-55®C to+125®C 

- CDP6402E, CE.-40°C to +85°C 

• Replaces Industry Types IM6402 and HD6402 


Ordering Information 


Description 

The CDP6402 and CDP6402C are silicon gate CMOS 
Universal Asynchronous Receiver/Transmitter (UART) 
circuits for interfacing computers or microprocessors to 
asynchronous serial data channels. They are designed to 
provide the necessary formatting and control for interfacing 
between serial and parallel data channels. The receiver 
converts serial start, data, parity, and stop bits to parallel 
data verifying proper code transmission, parity and stop bits. 
The transmitter converts parallel data Into serial form and 
automatically adds start parity and stop bits. 

The data word can be 5, 6, 7 or 8 bits in length. Parity may 
be odd, even or inhibited. Stop bits can be 1,1V 2 , or 2 (when 
transmitting 5 bit code). 

The CDP6402 and CDP6402C can be used in a wide range 
of applications including modems, printers, peripherals, 
video terminals, remote data acquisition systems, and serial 
data links for distributed processing systems. 

The CDP6402 and CDP6402C are functionally identical. 
They differ in that the CDP6402 has a recommended 
operating voltage range of 4V to 10.5V, and the CDP6402C 
has a recommended operating voltage range of 4V to 6.5V. 
Both types are supplied in 40 lead dual-in-line ceramic pack¬ 
ages (D suffix), and 40 lead dual-in-line plastic packages 
(E suffix). 


Pinout 


PACKAGE 

TEMPERATURE 

RANGE 

5V/200K BAUD 

10V/400K BAUD 


Plastic DIP 

-40°C to +85°C 

CDP6402CE 

CDP6402E 


Burn-In 


CDP6402CEX 

- 1 

Ceramic DIP 

-40°C to +85°C 

CDP6402CD 

CDP6402D 


Burn-In 


CDP6402CDX 

CDP6402DX 



CDP6402, CDP6402C 
TOP VIEW 


Vdo 1J_ 
NC [2 
GND [T 
RRD |T 
RBR8 |T 
RBR7 [? 
RBR6 [7 

RBR5 [7 
RBR4 [9 
RBR3 
RBR2 1^ 
RBR1 
PE [la 
FE Of 
OE 

SFD Qi 
RRC [l7 
DRR 1^ 
DR [ii 
RRI I 20 


^ TRC 
^ EPE 
^ CLS1 
^ CLS2 
36] SBS 
^ PI 
^ CRL 
^ TBR8 
^ TBR7 
3?] TBR6 
^ TBR5 
^ TBR4 
^ TBR3 
^ TBR2 
^ TBR1 
^ TRO 
^ TRE 
^ TBRL 
^ TBRE 
21 I MR 


CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper i.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications CDP6402, CDP6402C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vdd) 

(Voltage referenced to Vss Terminal) 

CDP6402 . 

CDP6402C. 

INPUT VOLTAGE RANGE. ALL INPUTS. 

DC INPUT CURRENT, ANY ONE INPUT. 

POWER DISSIPATION PER PACKAGE (Pq): 

For Ta = -40 to +60° C (PACKAGE TYPE E. 

For Ta = +60 to +85° C (PACKAGE TYPE E). 

For Ta = -55 to 100°C (PACKAGE TYPE D). 

For Ta = + 100 to +125° C (PACKAGE TYPE D). 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE D. 

PACKAGE TYPE E. 

STORAGE TEMPERATURE RANGE (Tstg). 

LEAD TEMPERATURE (DURING SOLD^ING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. .. 


.-0.5 to+11 V 

.-0.5 to +7 V 

.-0.5 to Vdd ■'■0-5 V 

.±100/uA 

. 500 mW 

Derate Lineary at 12 mW/°C to 200 mW 

.500 mW 

Derate Lineary at 12 mW/° C to 200 mW 

.100 mW 

. -55 to+125° C 

.-40 to +85° C 

. -65 to+150° C 

. +265°C 


OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

CDP6402 

CDP6402C 

Min. 

Max. 

Min. Max. 

DC Operating Voltage Range 

4 

10.5 

4 6.5 

V 

Input Voltage Range 

Vss 

Vdd 

Vss Vdd 


STATIC ELECTRICAL CHARACTERISTICS at Ta=- 40 to +85° C, Vdd Except as noted 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

Vo 

(V) 

cm 

■CM 

igffi 

■Oil 

■■KininiE 





■jTsa 

I'AIT'IB 

BIE9 

mSTSM 


Quiescent Device 

Current Idd 


0, 5 

0, 10 

5 

10 

— 

0.01 

1 

50 

200 

_ 

0.02 



Output Low Drive 
(Sink) Current Iol 

0.4 

0.5 

0.5 

0. 10 

5 

10 

2 

5 

4 

7 

— 

1.2 

El 

El 

mA 

Output High Drive 
(Source) Current lOH 

4.6 

9.5 

maum 

5 

10 

Eg 

-1.1 

-2.6 

I 


-1.1 

_ 


_ 

0.5 

0, 10 

5 

10 

— 

0 

0 

0.1 

0.1 

_ 

0 

El 

1 

Output Voltage 

High Level VoHt 

— 

0, 5 

0, 10 

5 

10 

m 

5 

10 

__ 

m 



Input Low 

Voltage V|l 


_ 

5 

10 

— 



_ 

_ 

El 

Input High 

Voltage Vih 

mm 

I 

5 

10 


_ 

__ 

VdD“2 



Input Leakage 

Current liM 

Any 

Input 

0,5 

0. 10 

5 

10 

— 

IHQU 

EiESI 

±1 

±2 


_ 

±1 

fdA 

3-State Output Leakage 

Current lOUT 

0, 5 

0, 10 

0,5 

0, 10 

5 

10 

_ 


±1 

±10 

— 


±1 

Operating Current, iDDit 

— 

o: 5 ■■■■ 
0. 10 

5 

10 

— 

t:5 

10 

— 

— 

■a 

— 

mA 

Input Capacitance C|n 

_ 


_ 

_ 

5 


_ 

5 

mm 

PF 

Output Capacitance Cqut 

— 

— 

— 

— 

10 

15 

— 

10 

ljl 


•Typical values are for Ta= 25°C and nominal Vdd- tlOL=*OH=1 

#Operating current is measured at 200 kHz or Vqd = 5 V and 400 kHz for VpD “ 10 V, with open outputs (worst-case 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 
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CDP6402, CDP6402C 


DESCRIPTION OF OPERATION 


Receiver Operation 


Initialization and Controls 

A positive pulse on the MASTER RESET (MR) input resets 
the control, status, and receiver buffer registers, and sets 
the serial output (TRO) High. Timing is generated from the 
clock inputs RRC and TRC at a frequency equal to 16 times 
the serial data bit rate. The RRC and TRC inputs may be 
driven by a common clock, or may be driven independently 
by two different clocks. The CONTROL REGISTER LOAD 
(CRL) input is strobed to load control bits for PARITY 
INHIBIT (PI), EVEN PARITY ENABLE (EPE), STOP BIT 
SELECTS (SBS), and CHARACTER LENGTH SELECTS 
(CLS1 and CLS2). These inputs may be hand wired to Vss 
or Vdd with CRL to Vqd. When the initialization is 
completed, the UART is ready for receiver and/or transmitter 
operations. 

Transmitter Operation 

The transmitter section accepts parallel data, formats it, 
and transmits it in serial form (Fig. 2) on the TRO terminal. 

5-8 DATA BITS I, |-|/2 OR 2 STOP BITS 

START BIT A I-1- 

— r N»-i I I I I ri^ 

*IF ENABLED 



'-PARITY 


92CS-34554 


Fig. 2 - Serial data format. 

Transmittertiming isshown In Fig. 3. (A) Data is loaded into 
the transmitter buffer regist er from the inputs TBR1 through 
TBR8 by a logic low on the TBRL input. Valid data must be 
present at leas t Xqj prior to, and tjD following, the rising 
edge of Yb^L. If words less than 8 bits are used, only the 
least significant bits are used. The character is right 
justified into the least significant bit, TBR1. (B) The rising 
edge of TBR L clea rs TBRE. Vz to 1 y 2 cycles later, depending 
on when the TBRL pulse occurs with respect to TRC, data Is 
transferred to the transmitter register and TRE is cleared. 
TBRE is set to a logic High one cycle after that. 

Output data is clocked by TRC. The clock rate is 16 times 
the data rate. (C) A second pulse on TBRL loads data into 
the transmitter buffer register. Data transfer to the 
transmitter register is delayed until transmission of the 
current character Is complete. (D) Data is automatically 
transferred to the transmitter register and transmission of 
that character begins. 



92CS-38054R1 

Fig. 3 - Transmitter timing waveforms. 


Data is received in serial form at the RRI input. When no 
data is being received, RRI input must remain high. The 
data is clocked through the RRC. The clock rate is 16 times 
the data rate. Receiver timing Is shown in Fig. 4. 


BEGir 

4NING OF RRST STOP BIT 

— 

8 1/2 TO 91/2 
CLOCK CYCLES 

RRI 1 I 

DATA 1 

n 




RBRI-8,0E 


c 




BRR ^ 

J 



DR 1 

f 




FE,PE 


Z) 

( 

1 

/ 

V 1 

) { 

U I/2 CLOCK 

" CYCLE 


92CS-34559R2 

Fig. 4 - Receiver timing waveforms. 


(A) A low level on DRR clears the DR line. (B) During the 
first stop bit data is transferred from the receiver register to 
the RBRegister. If the word is less than 8 bits, the unused 
most significant bits will be a logic low. The output 
character is right justified to the least significant bit RBR1. A 
logic high on OE indicates overruns. An overrun occurs 
when DR has not been cleared before the present character 
was transferred to the RBR. (C) 1/2 clock cycle later DR is 
set to a logic high and FE is evaluated. A logic high on FE 
Indicates an invalid stop bit was received. A logic high on 
PE indicates a parity error. 

Start Bit Detection 

The receiver uses a 16X clock for timing (Fig. 5). The start 
bit could have occurred as much as one clock cycle before it 
was detected, as indicated by the shaded portion. The 
center of the start bit is defined as clock count 7 1/2. If the 
receiver clock is a symmetrical square wave, the center of 
the start bit will be located within ±1/2 clock cycle, ±1/32 bit 
or ±3.125%. The receiver begins searching for the next start 
bit at 9 clocks into the first stop bit. 


COUNT 7 1/2 
DEFINED CENTER 






_7 1/2 CLOCK_ 

CYCLES 
8 1/2 CLOCK 
— CYCLES- 


92CS-34558 


Fig. 5 - Start bit timing waveforms. 
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CDP6402, CDP6402C 


Table I - Control Word Function 


I_ 

)NTROL won 

H _ 

DATA BITS 

PARITY BIT 

STOP BITfSt 

CLS2 

CLS1 

PI 

EPE 

_SBS_ 

L 

L 

L 

L 


5 

ODD 

1 

L 

L 

L 

L 


5 

ODD 

1.5 

L 

L 

L 

H 


5 

EVEN 

1 

L 

L 

L 

H 


5 

EVEN 

1.5 

L 

L 

H 

X 


5 

DISABLED 

1 

L 

L 

H 

X 


5 

DISABLED 

1.5 

L 

H 

L 

L 


6 

ODD 

1 

L 

H 

L 

L 


6 

ODD 

2 

L 

H 

L 

H 


6 

EVEN 

1 

L 

H 

L 

H 


6 

EVEN 

2 

L 

H 

H 

X 


6 

DISABLED 

1 

L 

H 

H 

X 

H 

6 

DISABLED 

2 

H 

L 

L 

L 

L 

7 

ODD 

1 

H 

L 

L 

L 

H 

7 

ODD 

2 

H 

L 

L 

H 

L 

7 

EVEN 

1 

H 

L 

L 

H 

H 

7 

EVEN 

2 

H 

L 

H 

X 

L 

7 

DISABLED 

1 

H 

L 

H 

X 

H 

7 

DISABLED 

2 

H 

H 

L 

L 

L 

8 

ODD 

1 

H 

H 

L 

L 

H 

8 

ODD 

2 

H 

H 

L 

H 

L 

8 

EVEN 

1 

H 

H 

L 

H 

H 

8 

EVEN 

2 

H 

H 

H 

X 

L 

8 

DISABLED 

1 

H 

H 

H 

X 

H 

8 

DISABLED 

2 


X = Don’t Care 


Table II - Function Pin Definition 


PIN 

SYMBOL 

DESCRIPTION 

1 

vdd 

Positive Power Supply 

2 

N/C 

No Connection 

3 

GND 

Ground (Vss) 

4 

RRD 

A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding 
register ouputs RBR1-RBR8 to a high 
impedance state 

5 

RBR8 

Thecontentsofthe RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs Word formats less than 8 
characters are right justified to RBR1 

6 

RBR7 



7 

RBR6 



8 

RBR5 



9 

RBR4 


) See Pin 5 - RBR8 

10 

RBR3 



11 

RBR2 



12 

RBR1 



13 

PE 

A high level on PARITY ERROR 
indicates that the received parity does 
not match parity programmed by control 
bits The output is active until parity 
matches on a succeeding character 
When parity is inhibited, this output 



IS 

low 

14 

FE 

A high level on FRAMING ERRQR 
indicates the'first stop bit was invalid 
FE will stay active until the next valid 
character’s stop bit is received 


PIN 

SYMBOL 

DESCRIPTION 

15 

OE 

A high level on OVERRUN ERROR 
indicates the data received flag was not 
cleared before the last character was 
transferred to the receiver buffer 
register. The Error is reset at the next 
character’s stop bit If DRR has been 
performed (i.e., DRR; active low). 

16 

SFD 

A high level on STATUS FLAGS 
DISABLE forces the outputs PE, FE, OE, 
DR, TBRE to a high impedance state. 

17 

RRC 

The RECEIVER REGISTER CLOCK is 
16X the receiver data rate. 

18 

i5Rir 

A low level on DATA RECEIVED RESET 
clears the data received output (DR), to 
a low level. 

19 

DR 

A high level on DATA RECEIVED 
indicates a character has been received 
and transferred to the receiver buffer 
register. 

20 

RRI 

Serial data on RECEIVER REGISTER 
INPUT is clocked into the receiver 
register. 

21 

MR 

A high level on MASTER RESET (MR) 
clears PE, FE, OE and DR, and sets TRE, 

1 TBRE, and TRO. TRE is actually set on 
the first rising edge of TRC after MR 
goes high. MR should be strobed after 
power-up. 

22 

TBRE 

A high level on TRANSMITTER BUFFER 
REGISTER EMPTY indicates the 
transmitter buffer register has 
transferred its data to the transmitter 
register and is ready for new data. 
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CDP6402, CDP6402C 


Table II - Function Pin Definition (Confd) 


PIN 

SYMBOL 

DESCRIPTION 

23 

TBRL 

A low level on TRANSMITTER BUFFER 
REGISTER LOAD transfers data from 
inputs TBR1-TBR8 into the transmitter 



buffer register. A low to high transition 
on TBRL requests data transfer to the 



transmitter register. If the transmitter 
register is busy, transfer is automatically 
delayed so that the two characters are 
transmitted end to end. 

24 

TRE 

A high level on TRANSMITTER 
REGISTER EMPTY indicates completed 
transmission of a character including 
stop bits. 

25 

TRO 

Character data, start data and stop bits 
appear serially at the TRANSMITTER 
REGISTER OUTPUT. 

26 

TBR1 

Character data is loaded into the 
TRANSMITTER BUFFER REGISTER via 
inputs TBR1-TBR8. For character 
formats less than 8-bits, the TBR8, 7, 
and 6 Inputs are ignored corresponding 
to the programmed word length 

27 

TBR2 



28 

TBR3 



29 

TBR4 



30 

TBR5 


) See Pin 26 - TBR1 

31 

TBR6 



32 

TBR7 



33 

TBR8 

4 



PIN 

SYMBOL 

DESCRIPTION 

34 

CRL 

A high level on CONTROL REGISTER 
LOAD loads the control register. 

35 

PI* 

A high level on PARITY INHIBIT inhibits 
parity generation, parity checking and 
forces PE output low 

36 

SBS* 

A high level on STOP BIT SELECT 
selects 1.5 stop bits for a 5 character 
format and 2 stop bits for other lengths. 

37 

CLS2* 

These inputs program the CHARACTER 
LENGTH SELECTED (CLSI low CLS2 
low 5-blts) (CLSI high CLS2 low 6-bits) 
(CLSI low CLS2 high 7-bits) (CLSI high 
CLS2 high 8-bits). 

38 

CLSr 

See Pin 37 - CLS2 

39 

EPE* 

When PI is low, a high level on EVEN 
PARITY ENABLE generates and checks 
even parity. A low level selects odd 
parity. 

40 

TRC 

_1 

The TRANSMITTER REGISTER 

CLOCK is 16X the transmit data rate 


*See Table I (Control Word function) 
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Specifications CDP6402, CDP6402C 

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ± tr> tf ^ 20 ns, 
V|H = 0.7 Vdd. V|L = 0.3 Vdd. Cl = 100 pF 




LIMITS 




CDP6402 

CDP6402C 


CHARACTERISTIC t 

Vdd 

(V) 

Typ.* 

Max A 

Typ.* 

Max A 

UNITS 


System Timing (See Fig. 6) 


Minimum Pulse Width. 

CRL 

‘CRL 

5 

10 

50 

40 

150 

100 

50 

150 


Minimum Setup Time 


5 

20 

50 

20 

50 


Control Word to CRL 

tcwc 

10 

0 

40 

— 

— 


Minimum Hold Time 


5 

40 

60 

40 

60 


Control Word after CRL 

tccw 

10 

20 

30 

— 

— 


Propagation Delay Time 


5 

130 

200 

130 

200 


SFD High to SOD 

tSFDH 

10 

100 

150 

— 

— 










SFD Low to SOD 

tSFDL 

5 

130 

200 

130 

200 




10 

40 

60 

— 

— 


RRD High to Receiver Register 


5 

80 

150 

80 

150 


High Impedance 

tRRDH 

10 

40 

70 

— 

— 


RRD Low to Receiver Register 


5 

80 

150 

80 

150 


Active 

tRRDL 

10 

40 

70 

— 

— 


Minimum Pulse Width: 


5 

200 

400 j 

200 J 

400 


MR 


10 

100 

200 


— 



•Typical values for Ta = 25° C and nominal Vdd- 

^Maximum limits of minimum characteristics are the values above which all devices function. 
tAII measurements are made at the 50% point of the transition except tri-state measurements. 


CONTROL WORD 
INPUT 


CRL 


CONTROL INPUT WORD TIMING 



( CONTROL WORD BYTE 




U-t 


r* ♦cwc 



J -^ 


♦CRL 


STATUS OUTPUT TIMING 

STATUS - 

OUTPUTS- 

^SFDH •" 

SFD 




10 % 





♦SFDL 


R BUS 0 
R BUS 7 


RECEIVER REGISTER DISCONNECT TIMING 
^ 90 % 




^RRDH 

RRD 


70% 



^^CM - 38055 

Fig. 6 - System timing waveforms. 
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Specifications CDP6402, CDP6402C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vqd ± 5%, tr, tf = 20 ns, 
V|H = 0.7 Vqd. V|l = 0.3 Vqd. Cl = 100 pF 




LIMITS 


CHARACTERISTIC t 


CDP6402 1 CDP6402C 

UNITS 



Max.A 


Transmitter Timing (See Fig. 7) 


Minimum Clock Period (TRC) 

tec 

5 

10 

250 

125 

310 

155 

250 

310 

Minimum Pulse Width: 


5 

100 


125 

100 

125 

Clock Low Level 

tCL 

10 

75 


100 

— 

— 

Clock High Level 

tCH 

5 

10 

100 

75 

125 

100 

100 

125 

TB^ 

tTHTH 

5 

80 


200 

80 

200 


10 

40 


100 

— 

— 

Minimum Setup Time: 


5 

175 


275 

175 

275 

TBRL to Clock 

tTHC 

10 

90 


150 

— 

— 

Data to TBRL 

tDT 

5 

20 


50 

20 

50 



10 

0 


40 

— 

— 

Minimum Hold Time: 


5 

40 


60 

40 

60 

Data after TBRL jv 

tTD 

10 

20 


30 

— 

— 

Propagation Delay Time: 


5 

300 


450 

300 

450 

Clock to Data Start Bit 

tCD 

10 

150 


225 

— 

— 

Clock to TBRE 

tCT 

5 

330 


400 

330 

400 

10 

100 


150 

— 

— 

TBRL to TBRE 

tTTHR 

5 

200 


300 

200 

300 

10 

100 


150 

— 

— 

Clock to TRE 

tTTS 

5 

330 


400 

330 

400 

10 

100 


150 

— 

— 


•Typical values for Ta = 25° C and nominal Vdd* 

^Maximum limits of minimum characteristics are the values above which all devices function. 
tAII measurements are made at the 50% point of the transition except tri-state measurements. 



X THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TBWL 92CM-34556 

MX- THE TRANSMITTER SHIFT REGISTER,IF EMPTY,IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD + tyHC AFTER THE TRAILING EDGE OF TBRL AND 
TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcD LATER 

Fig. 7 - Transmitter timing waveforms. 
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Specifications CDP6402, CDP6402C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85® C, Vdd ± 5%, tr, tf = 20 ns, 
V|H = 0.7 Vdd. V|L = 0.3 Vdd. Cl = 100 pF 


LIM 

ITS 

CDP6402 

CDP6402C 


Typ.* 



CHARACTERISTIC t 
Receiver Timing (See ^Ig. 8) 


Vdd 

■■jV) 


UNITS 


Minimum Clock Period (RRC) 

tcc 

■■ 

250 

310 

250 

310 






_ 



Minimum Pulse Width; 


5 

100 

125 

100 

125 


Clock Low Level 

tCL 

10 

75 

100 




Clock High Level 

tCH 

5 

100 

125 

100 

125 


_ m _ 

75 


— 

_ 


DATA RECEIVED RESET 

tDD 

■M 

50 

75 

50 

75 




25 


_ 

_ 


Minimum Setup Time' 


5 

100 

150 

100 

150 


Data Start Bit to Clock 


10 

50 

75 

_ 



f^ropagation Delay time: 







ns 

DATA RECEIVED RESET to 

tDDA 

5 

150 

250 

150 

250 

Data Received 

10 

75 

125 

— 

_ 


Clock to Data Valid 

tCDV 

5 

275 

400 

275 

400 



10 

110 

175 

— 

— 


Clock to DR 



275 

400 




tCDA 

5 

275 

400 



10 

110 

175 

— 

— 


Clock to Overrun Error 

tCOE 

5 

275 

400 

275 

400 



10 

100 

150 

— 

— 


Clock to Parity Error 

tCPE 

5 

240 ' 

375 

240 

375 


10 

120 


— 

_ 


Clock to Framing Error 

»CFE 

5 


300 

200 

300 



10 

BEEH 

150 

— 

— 



•Typical values for Ta = 25°C and nominal S/qq. 


^Maximum limits of minimum characteristics are the values above which all devices function. 
tAII measurements are made at the 50% point of the transition except tri-state measurements. 





' 92CM-34559 

IF A START BIT OCCURS AT A TIME LESS THAN tpc BEFORE A HIGH-TO-LOW TRANSITION 
OF THE CLOCK, THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO- 
LOW TRANSITION OF THE CLOCK THE START BIT MAY BE COMPLETELY ASYNCHRONOUS 
WITH THE CLOCK 


IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING 
REGISTER BY THE TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING 
REGISTER, THE OE SIGNAL WILL COME TRUE 


it 





Fig. 8 - Receiver timing waveforms. 
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CMOS Programmable Bit Rate Generator 


Features 

• HD-4702 Provides 13 Commonly Used Bit Rates 

• Uses a 2.4576MHz Crystal/Input for Standard 
Frequency Output (16 Times Bit Rate) 

• Low Power Dissipation 

• Conforms to EIA RS-404 

• One HD-4702 Controls up to Eight Transmission 
Channels 

• Initialization Circuit Facilitates Diagnostic Fault 
Isolation 

• On-Chip Input Puil-Up Circuit 

Ordering Information 


PACKAGE 

TEMP. RANGE 

ORDER CODE 

Plastic DIP 

-40°C to +85°C 

HD3-4702-9 

Ceramic DIP 

-40°C to +85°C 

HD1-4702-9 

V883 

-55°C to +125°C 

HD1-4702/883 

SMD# 


Pending 

Leaded Chip 

-40°C to +85°C 

HD4-4702-9 

Carrier 



_1 

-55°C to +125°C 

HD4-4702-8 


* Respective /883 specifications are included at the end of this data 
sheet 


Description 

The HD-4702 Bit Rate Generator provides the necessary 
clock signals for digital data transmission systems, such as a 
UART It generates 13 commonly used bit rates using an on- 
chip crystal oscillator or an external Input. For conventional 
operation generating 16 output clock pulses per bit period, 
the Input clock frequency must be 2.4576MHz (I.e. 9600 
Baud X 16 x16, since there is an Internal + 16 prescaler). A 
lower input frequency will result in a proportionally lower 
output frequency. 

The HD-4702 can provide multi-channel operation with a 
minimum of external logic by having the clock frequency CO 
and the -s- 8 prescaler outputs QO, Q1, Q2 available 
externally. All signals have a 50% duty cycle except 1800 
Baud, which has less than 0.39% distortion. 

The four rate select inputs (S0-S3) select which bit rate is at 
the output (Z). See Truth Table for Rate Select Inputs for 
select code and output bit rate. Two of the 16 select codes 
for the HD-4702 do not select an Internally generated 
frequency, but select an Input into which the user can feed 
either a different frequency, or a static level (High or Low) to 
generate “ZERO BAUD”. 

The bit rates most commonly used in modern data terminals 
(110, 150, 300, 1200, 2400 Baud) require that no more than 
one input be grounded for the HD-4702, which is easily 
achieved with a single 5-position switch. 

The HD-4702 has an initialization circuit which generates a 
master reset for the scan counter. This signal is derived from 
a digital differentiator that senses the first highjevel on the 
CP input after the ECP input goes low. When ECP Is high, 
selecting the crystal input, CP must be low. A high level on 
CP would apply a continuous reset. See Clock Modes and 
Initialization below. 


Truth Tables 


S3 


TRUTH TABLE FOR RATE SELECT INPUTS 

(Using 2.4576MHz Crystal) 


S2 


SI 


SO 


OUTPUT RATE (Z) 


MUX Input (IM) 
MUX Input (IM) 
50 Baud 
75 Baud 
1345 Baud 
200 Baud 
600 Baud 
2400 Baud 
9600 Baud 
4800 Baud 
1800 Baud 
1200 Baud 
2400 Baud 
300 Baud 
150 Baud 
110 Baud 


NOTE. 19200 Baud by connecting Q2 to IM 


Pinout 


16 LEAD DIP 

TOP VIEW 



CAUTION- These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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HD-4702 


CLOCK MODES AND INITIALIZATION 


OPERATION 


NOTE: Actual output frequency is 16 times the indicated 
Output Rate, assuming a clock frequency of 
2.4576MHz. 


Clocked from lx 
Clocked from CP 


Continuous Reset 


I X [ L I L. I Reset During 1st CP = High Time | 

NOTE: Actual output frequency is 16 times the indicated Output Rate, assum¬ 
ing a clock frequency of 2.4576MHz. 


H = HIGH Level 
L = LOW Level 
X = Don’t Care 
JUTL = Clock Pulse 


= 1st HIGH Level Clock Pulse after ECP 
goes LOW 


Pin Description 


PIN NUMBER TYPE 



DESCRIPTION 


Vcc^ Is the +5V power supply pin. A 0.1 mF capacitor between pins 16 and 8 is 
recommended for decoupling 


EXTERNAL CLOCK INPUT 


EXTERNAL CLOCK ENABLE: A low signal on this input allows the baud rate to be 
generated from the CP input. 


CRYSTAL INPUT 


CRYSTAL DRIVE OUTPUT 


MULTIPLEXED INPUT 


BAUD RATE SELECT INPUTS 


CLOCK OUTPUT 


SCAN COUNTER OUTPUTS 


BIT RATE OUTPUT 


Block Diagram 


OSCILLATOR 

CIRCUIT 


-1 I- 

SCAN I COUNTER NETWORK 


o o P o 

CPOOOO POO 
MRo> ^ CM <0 CO T- r' 


INITIALIZATION 

CIRCUIT 


Vdd = PIN16 
Vss=PIN8 
O = PIN NUMBER 

* See Figure 4 in Design Information for 
Crystal Specifications. 


CO Qq Qi 02 

@ ©@@ 


-ICP-r 16/3 Ot- 
I MR I 


CP -r 22 Q j- 
MRI 


MULTIPLEXER “• 

] 

•m So S 2 S3 I 
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HD-4702 


Application information 

Single Channel Bit Rate Generator 

Figure 1 shows the simplest application of the HD-4702. 
This circuit generates one of five possible bit rates as 
determined by the setting of a single pole, 5-posltion switch. 
The Bit Rate Output (Z) drives one standard TTL load or four 
low power Schottky loads over the full temperature range. 
The possible output frequencies correspond to 110, 150, 
300, 1200, and 2400 Baud. For many low cost terminals, 
these five bit rates are adequate. 

1 ® SPST SWITCH 


2.4576 MHz 
CRYSTAL 


Im 

Cp 

So s. 

S2 

h 

Ecp 

HD-4702 



lx 




0 

0 

Qo Qi 

©2 'i 

l 


See Figure 4 



Other bit rate combinations can be generated by changing 
the Scan Counter to Selector Interconnection or by inserting 
logic gates into this path. 



Im 

So Si 

S 2 S 3 

Cp 



Ecp 

HD-4702 


lx 



Co 

Qo Qi 

Q 2 Z 



oiololololol 

si si 


FIGURE 2. BIT RATE GENERATOR CONFIGURATION WITH 
EIGHT SIMULTANEOUS FREQUENCIES. 

* See Figure 4 

19200 Baud Operation 

Though a 19200 Baud signal Is not Internally routed to the 
multiplexer, the HD-4702 can be used to generate this bit 
rate by connecting the Q 2 output to IM input and applying 
select code. An additional 2 -input NOR gate can be used to 
retain the “Zero Baud” feature on select code 1 for the 
HD-4702 (See Figure 3). 


FIGURE 1. SWITCH SELECTABLE BIT RATE GENERATOR 
CONFIGURATION PROVIDING FIVE BIT RATES. 

Simultaneous Generation of Severai Bit Rates 

Figure 2 shows a simple scheme that generates eight bit 
rates on eight output lines, using one HD-4702 and one 
93L34 Bit Addressable Latch. This and the following 
applications take advantage of the built-in scan counter 
(prescaler) outputs. As shown in the block diagram, these 
outputs (Qo to Q 2 ) go through a complete sequence of eight 
states for every half-period of the highest output frequency 
(9600 Baud). Feeding these Scan Counter Outputs back to 
the Select Inputs of the multiplexer causes the HD-4702 to 
interrogate sequentially eight different frequency signals. 
The 93L34 8 -bit addressable Latch, addressed by the same 
Scan Counter Outputs, re-converts the multiplexed single 
Output (Z) of the HD-4702 into eight parallel output 
frequency signals. In the simple scheme of Figure 2, input S 3 
Is left open (HIGH) and the following bit rates are generated: 

QO: 110 Baud Q1: 9600 Baud Q2; 4800 Baud 

Q3: 1800 Baud Q4: 1200 Baud Q5: 2400 Baud 

Q6: 300 Baud Q7: 150 Baud 


Cp 

Im 

So Si 

S2 S 3 

Ecp 

■x 


HD-4702 


Ox 

Co 

Qo Qi 

Q2 z 


2.4576 MHz 
CRYSTAL 


FIGURE 3. FIGURES. 19200 BAUD OPERATION 
* See Figure 4 


PARAMETERS 

Frequency 

Series Resistance (Max) 
Unwanted Modes 
Type of Operation 
Load Capacitance 


TYPICAL CRYSTAL SPEC 

2.4576MHz “AT’ Cut 
250 

-6.0dB (Min) 
Parallel 
32pF+0.5 


FIGURE 4. CRYSTAL SPECIFICATIONS 
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Specifications HD-4702 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+8.0V Thermal Resistance Bja 0jc 

Input, Output or I/O Voltage. GND-0.5V to Vcc+0.5V Ceramic DIP Package. 17.1°C/W 75.7°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175°C Ceramic DIP Package.660mW 

Lead Temperature (Soldering 10s).+300°C Gate Count.720 Gates 

ESD Classification.Class 1 

Typical Derating Factor.1mA/MHz Increase in ICCOP 

CAUTION: Stresses above those listed In "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

operating Voltage Range.... 


+4.5V to +5.5V Operating Temperature Range 

HD-4702-9.-40°C to +85°C 

HD-4702-8.-55°C to +125°C 


DC Electrical Specifications Vcc = 5V ± io%, t^ = -40°c to +85°c (hd-4702-9), Ta = -55°c to +i25®c (hd-4702-8) 




Supply Current 
(Static) 



OV, All Other Pins = Vcc, Vcc = 5.5V 


Vqut ” Vcc " 0*5, Vcc ~ 4.5V, input at OV or Vcc P®*" 
Logic Function or Truth Table 


VouT = 2.5V, Vcc = 4.5V, Input at OV or Vcc per 
Logic Function or Truth Table 


Vqut = ^cc "0-5, Vcc = 4.5V, Input at OV or Vcc P®*" 
Logic Function or Truth Table 


VouT = 0-4V, Vcc = 4.5V. Input at OV or Vcc per 
Logic Function or Truth Table 


VouT = 0-4V, Vcc = 4.5V Input, at OV or Vcc P®!” 
Logic Function or Truth Table 


Ecp = Vcc.CP = 0V.Vcc = 5.5V, 
All Other Inputs = GND, (Note 2). 
EcP = Vcc.CP=:0V, Vcc = 5.5V, 
All Other Inputs = Vcc, (Note 2). 


1. Interchanging of force and sense conditions is permitted. 


2. Input Current and Quiescent Power Supply Current are relatively 
higher for this device because of active pull-up circuits on all 
inputs except lx. 
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HD-4702 


AC Electrical Specifications Vcc = 5 V ± io%, = -40°c to +85°c (hd-4702-9), Ta = -55°c to +125°C {hd-4702-8) 


SYMBOL 

A.C. PARAMETER 

LIMITS 

UNITS 

TEST 

CONDITIONS 

MIN 

MAX 

tpLH 

Propagation Delay, lx to CO 

- 

350 

ns 

Vcc = 4.5V 
Cl<7pF on Ox 

Cl = 50pF 
(Note 1) 

tpHL 

- 

275 

ns 

tpLH 

Propagation Delay, CP to CO 

- 

260 

ns 

tpHL 

- 

220 

ns 

tpLH 

Propagation Delay, CO to Qn 

> 

(Note 2) 

ns 

tpHL 

- 

(Note 2) 

ns 

tpLH 

Propagation Delay, CO to Z 

- 

85 

ns 

tpHL 

- 

75 

ns 

tjLH 

Output Transition Time (Except Ox) 

- 

160 

ns 

tjHL 

- 

75 

ns 

ts 

Set-Up Time, Select to CO 

350 

- 

ns 

th 

Hold Time, Select to CO 

0 

- 

ns 

ts 

Set-Up Time, Im to CO 

350 

- 

ns 

th 

Hold Time, Im to CO 

0 

- 

ns 

twCp(t-) 

Minimum Clock Pulse Width, Low (Notes 3,4) 

120 

* 

ns 

twCp(H) 

Minimum Clock Pulse Width, High (Notes 3,4) 

120 

- 

ns 

twCP(L) 

Minimum lx Pulse Width, Low (Note 4) 

160 

- 

ns 

twCp{H) 

Minimum lx Pulse Width, High (Note 4) 

160 

- 

ns 

tpLH 

Propagation Delay lx to CO 

- 

300 

ns 

Vcc = 4.5V 

Cl ^ 7pF on px 

Cl = 15pF 
(Note 1) 

tpHL 

- 

250 

ns 

tpLH 

Propagation Delay CP to CO 

- 

215 

ns 

tpHL 

- 

195 

ns 

tpLH 

Propagation Delay CO to Qn 

- 

(Note 2) 

ns 

tpHL 

- 

(Note 2) 

ns 

tpLH 

Propagation Delay CO to Z 

- 

75 

ns 

tpHL 

- 

65 

ns 

tlLH 

Output Transition Time (Except Ox) 

- 

80 

ns 

tjHL 

- 

40 

ns 


NOTES: 


1. Propagation Delays (tpLH and tpHL) and Output Transition Times 
(tjLH and tjHL) will change with Output Load Capacitance (CJ. 
Setup Times (tj, Hold Times (y, and Minimum Pulse Widths 
(tvy) do not vary with load capacitance. 

2. For multichannel operation, Propagation Delay (CO to On) plus 
Set-Up Time, Select to CO, is guaranteed to be < 367ns. 


3. The first High Level Clock Pulse after Eqp goes Low must be at 
least 350ns long to guarantee reset of all Counters. 

4. It is recommended that input rise and fall times to the clock inputs 
(CP, lx) be less than 15ns. 
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HD-4702 


Capacitance t^^ 

= -i-25°C; Frequency = 1MHz 




SYMBOL 

PARAMETER 

TYPICAL 

UNITS 

CONDITIONS 

C|N 

Input Capacitance 

7 

pF 

All measurements are referenced the 
device GND 

CoUT 

Output Capacitance 

15 

pF 


Switching Waveforms 


tw(H) 

-p— tw(L) 

50% 

50% p* 



■ - \ ■ *1* «h 

50% 


NOTE; Set-Up and Hold Times are shown as positive values but may be specified as negative values. 


AC Testing input, Output Waveform 


NOTE: AC Testing; All input signals must switch between V|l and V|H- Input rise and fall times are driven at 1 nsec per volt. 
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CMOS Programmable Bit Rate Generator 


Features 

• This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1. 2. 1. 

• HD-4702/883 Provides 13 Commonly Used Bit Rates 

• Uses a 2.4576IVIHZ Crystal/Input for Standard 
Frequency Output (16 Times Bit Rate) 

• Low Power Dissipation 

• Conforms to EIA RS-404 

• One HD-4702/883 Controls up to Eight Transmission 
Channels 

• Initialization Circuit Facilitates Diagnostic Fault 
Isolation 

• On-Chip Input Pull-Up Circuit 


Description 

The HD-4702/883 Bit Rate Generator provides the 
necessary clock signals for digital data transmission 
systems, such as a UART. It generates 13 commonly used 
bit rates using an on-chip crystal oscillator or an external 
input. For conventional operation generating 16 output 
clock pulses per bit period, the input clock frequency must 
be 2.4576MH2 (i.e. 9600 Baud x 16 x16, since there is an 
internal t- 16 prescaler). A lower input frequency will result 
in a proportionally lower output frequency. 

The HD-4702/883 can provide multi-channel operation 
with a minimum of external logic by having the clock 
frequency CO and the 8 prescaler outputs Qq, Qi, Q 2 
available externally. All signals have a 50% duty cycle 
except 1800 Baud, which has less than 0.39% distortion. 

The four rate select inputs (S 0 -S 3 ) select which bit rate is at 
the output (Z). See Truth Table for Rate Select Inputs for 


Pinout 


HD1-4702/883 (CERAMIC DIP) 
TOP VIEW 



select code and output bit rate. Two of the 16 select codes 
for the HD-4702/883 do not select an internally generated 
frequency, but select an input into which the user can feed 
either a different frequency, or a static level (High or Low) to 
generate “ZERO BAUD”. 

The bit rates most commonly used in modern data terminals 
(110,150,300,1200,2400 Baud) require that no more than 
one input be grounded for the HD-4702/883, which is 
easily achieved with a single 5-position switch. 

The HD-4702/883 has an initialization circuit which 
generates a master reset for the scan counter. This signal is 
derived from a digital differentiator that senses the first high 
level on the CP input after the Eqp input goes low. When 
Ecp is high, selecting the crystal input, CP must be low. A 
high level on CP would apply a continuous reset. See Clock 
Modes and Initialization below. 



Truth Tabies 

TRUTH TABLE FOR RATE SELECT INPUTS 
(Using 2.4576MHz Crystal) 


OUTPUT 
RATE (Z) 


MUX Input (Im) 
MUX Input (Im) 
50 Baud 
75 Baud 

H L L 134.5 Baud 

H L H 200 Baud 

H H L 600 Baud 

H H H 2400 Baud 

L L L 9600 Baud 

L L H 4800 Baud 

L H L 1800 Baud 

L H H 1200 Baud 

H L L 2400 Baud 

H L H 300 Baud 

H H L 150 Baud 

H H H 110 Baud 

NOTE. 19200 Baud by connecting O 2 ’m 


CLOCK MODES AND INITIALIZATION 




lx 

Ecp 

CP 

OPERATION 

Jl-TL 

H 

L 

Clocked from lx 

X 1 

L 

JUX 

Clocked from CP 

X 1 

H 

H 

Continuous Reset 

X 

L 


Reset During 1 st CP = High Time 




NOTE: Actual output frequency is 16 times the indicated Output Rate, 
assuming a clock frequency of 2.4576MHz. 


H = HIGH Level 
L = LOW Level 


X = Don’t Care 
JTLTl-. = Clock Pulse 


= 1st HIGH Level Clock 
Pulse after Eqp goes LOW 


Copyright © Harris Corporation 1992 
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Specifications HD-4702/883 


Absolute Maximum Ratings 

Supply Voltage.+8.0V 

Input, Output or 

I/O Voltage Applied.GND - 0.5V to Vqc + 0.5V 

Storage Temperature Range. -650C to+150OC 

Junction Temperature.+1750C 

Lead Temperature (Soldering, 10 Seconds) .+300^0 

ESD Classification.Class 1 

Typical Derating Factor.1 mA/MHz Increase in ICCOP 


Reliability Information 


Thermal Resistance, Junction-to-Case (Oj-q) 

Ceramic DIP Package.+17.1 ^c/W 

Thermal Resistance, Junction-to-Ambient (Oja) 

Ceramic DIP Package.+75.70C/W 

Maximum Package Power Dissipation @ +1250C 

Ceramic DIP Package. 660mW 

Gate Count.720 


CAUTION Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device This is a stress only rating and 
operation of the device at these or any other conditions above those indicated in the operation section of this specification is not implied 


Operating Conditions 


operating Voltage Range.+4.5V to +5.5V 

Operating Temperature Range.-550C to+125^0 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 





GROUP A 


LIMITS 


D.C. PARAMETERS 

SYMBOL 

CONDITIONS 

SUBGROUPS 

TEMPERATURE 

MIN 

MAX 

UNITS 



Vcc = 4 5V 

1,2,3 



- 


Input Low Voltage 

VIL 

Vcc = 4 5V 

1,2,3 

- 55 OC 5 TA < +I 25 OC 

- 

Vcc 30% 


Output High Voltage 

VOH1 

lOH < -1 }iA. Vcc = 4 5V, (Note 1) 

1,2,3 

-55®C <Ta< 4-1250C 

Vcc"01 

- 


Output Low Voltage 

VOL1 

lOL < +1 fiA, Vcc = 4 5V, (Note 1) 

1,2,3 

-55®C <Ta < +I 25 OC 

- 

01 


Input High Current 

IIH 

V|N = Vcc All Other Pins = OV, Vcc = 5 5V 

1,2,3 

- 55 OC <Ta <.+125®C 

-1 

+1 

— 

Input Low Current 

IILX 

V|N = OV, All Other Pins = Vcc • 

1, 2,3 

-55®C <Ta < +125®C 

-1 

+1 

IBBHI 

(IX Input) 


Vcc = 5 5V 





■■ 

Input Low Current 

IIL 

V|N = OV, All Other Pins = Vcc- Vcc = 5 5V 

1, 2,3 

- 55 OC <Ta < +I 25 OC 

- 

-100 

\iA 

(All Other Inputs) 


(Note 2) 






Output High Current 

lOHX 

VoUT = Vcc "0 5, Vcc == 4.5V 

1,2,3 

-55®C<Ta<+1250C 

-01 

- 

mA 

(OX) 


Input at OV or Vcc P®*” Logic Function 
or Truth Table 






Output High Current 

IOH1 

VoUT = 2 5V, Vcc = 4 5V 

1,2,3 

-550C<Ta<+1250C 

-1 0 


mA 

(All Other Outputs) 


Input at OV or Vcc P®!" Logic Function 
or Truth Table 




■ 


Output High Current 

IOH2 

VoUT = Vcc "0 Vcc = 4 5V 

1,2,3 

- 55 OC <Ta<+ 125 OC 

-0 3 


mA 

(All Other Outputs) 


Input at OV or Vcc P®'^ Logic Function 
or Truth Table 




■ 


Output Low Current 

lOLX 

VoUT = 0 4V,Vcc = 4 5V 

1, 2,3 

- 55 OC <Ta < +125®C 

01 


mA 

(OX) 


Input at OV or Vcc P®*" Logic Function 
or Truth Table 




■ 


Output Low Current 

lOL 

VqUT = 0.4V, Vcc = 4 5V 

1,2,3 

- 55 OC <Ta <+ 125 OC 

1 6 


mA 

(All Other Outputs) 


Input at OV or Vcc P®*” Logic Function 
or Truth Table 




■ 


Supply Current 

ICC 

ECP = Vcc- CP = OV, Vcc = 5.5V 

1,2,3 

- 55 OC <Ta < + 125 OC 


1500 

pA 

(Static) 


All Other Inputs = GND, (Note 2) 

ECP = Vcc- CP = OV, Vcc = 5 5V 

All Other Inputs = Vcc- (No*® 2) 

i 



■ 

1000 

mA 


NOTES 

1. Interchanging of force and sense conditions is permitted 

2. Input Current and Quiescent Power Supply Current are relatively higher for this device because of active 
pull-up circuits on all inputs except lx 


CAUTION These devices are sensitive to electrostatic discharge. Proper I C handling procedures should be followed. 



5-83 


CMOS DATA 
COMMUNICATIONS 


















































































Specifications HD-4702/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested. 






GROUPA 
SUBGROUPS 


LIMITS 


A.C. PARAMETERS 

SYMBOL 

CONDITIONS 

TEMPERATURE 

MIN 

MAX 

UNITS 

Propagation Delay, lx to CO 

tPLH 



9,10,11 

-550C<Ta<+1250C 

- 

350 

ns 


tPHL 



9,10,11 

-550C<Ta<+1250C 

- 

275 

ns 

Propagation Delay, CP to CO 

tPLH 



9,10,11 

-550C<Ta<+1250C 

- 

260 

ns 


tPHL 



9,10,11 

-550C<Ta<+1250C 

- 

220 

ns 

Propagation Delay, CO to Qn 

tPLH 



9,10,11 

-550C<Ta<+1250C 

- 

(Note 2) 

ns 


tPHL 



9,10,11 

-550C<Ta<+1250C 

- 

(Note 2) 

ns 

Propagation Delay, CO to Z 

tPLH 



9,10,11 

- 550 c <Ta<+1250C 

- 

85 

ns 


tPHL 

vcc = 

= 4.5V 

9,10,11 

-550C<Ta<+1250C 

- 

75 

ns 

Output Transition Time 

tTLH 

CL < 7pF on Ox 

9,10,11 

- 550 c <Ta<+i 250 c 

- 

160 

ns 

(Except Ox) 

tTHL 

CL = 

50pF 

9,10,11 

-550C<Ta<+1250C 

- 

75 

ns 

Set-Up Time, Select to CO 

ts 

(Notel) 

9,10,11 

-550C<Ta<+1250C 

350 

- 

ns 

Hold Time, Select to CO 

th 



9,10,11 

- 550 c <Ta<+i 250 c 

0 

- 

ns 

Set-Up Time, Im to CO 

ts 



9,10,11 

-550C<Ta<+1250C 

350 

- 

ns 

Hold Time, Im to CO 

th 



9,10,11 

- 550 c <Ta<+i 250 c 

0 

- 

ns 

Minimum Clock Pulse Width, 

Low (Notes 3,4) 

twCP(L) 



9,10,11 

-550C<Ta<+1250C 

120 

■ 

ns 

Minimum Clock Pulse Width, 

High (Notes 3,4) 

twCP(H) 



9,10,11 

-550C<Ta<+1250C 

120 


ns 

Minimum lx Pulse Width, Low 
(Note 4) 

twCP(L) 



9,10,11 

-550C<Ta<+1250C 

160 

m 

ns 

Minimum lx Pulse Width, High 
(Note 4) 

twCP(H) 



9,10,11 

-550c <Ta<+i 250c 

160 

m 

ns 


NOTES: 

1. Propagation Delays (tPLH and tPHL) and Output Transition Times (tTLH and tTHL) will change with Output Load Capacitance (CL). Set-up Times (ts), Hold 
Times (th), and Minimum Pulse Widths (tw) do not vary with load capacitance. 

2. For multichannel operation. Propagation Delay (CO to On) plus Set-Up Time, Select to CO, is guaranteed to be ^ 367ns. 

3. The first High Level Clock Pluse after Eqp goes Low must be at least 350ns long to guarantee reset of all Counters. 

4. It IS recommended that input rise and fall times to the clock inputs (CP, lx) be less than 15ns. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HD-4702/883 


Input Capacitance 


Output Capacitance 


Propagation Delay 
lx to CO 


Propagation Delay 
CP to CO 


Propagation Delay 
CO to On 


Propagation Delay 
COtoZ 


Output Transition 
Time {Except Ox) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMPERATURE 


Ta = +250C 


Ta = + 250 C 


-550c <Ta<+i 250c 



All Measurements are referenced 
to device ground, f = 1 MHz. 


Vcc = 4.5V 
CL <7pFon Ox 
CL=15pF 


-550C<Ta<+1250C 


-550c <Ta<+i 250c 



- 550 c <Ta<+i 250 c 


-550c <Ta<+i 250c 


-550c <Ta<+i 250c 


LIMITS 


MIN 




MAX 

UNITS 

7.0 

PF 

15.0 

PF 

300 

ns 

250 

ns 

215 

ns 

195 

ns 

(Note 2) 

ns 

(Note 2) 

ns 

75 

ns 

65 

ns 

80 

ns 

40 

ns 


NOTES: 1. The parameters listed in table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design and after major process and/or design changes. 

2. For multichannel operation, Propagation Delay (CO to On) plus Set-Up Time, Select to CO, is guaranteed to be_< 367ns. 

3. Propagation Delays (tPLH and tPHL) and Output Transition Times (tTLH and tTHL) will change with Output Load Capacitance (CL). Set-up 
Times (ts). Hold Times (th), and Minimum Pulse Widths (tw) do not vary with load capacitance. 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS 


Initial Test 


Interim Test 


PDA 


Final Test 


Group A 


Groups C & D 


METHOD 


100%/5004 


100%/5004 


100% 


100% 


Samples/5005 


SUBGROUPS 



2,3,8A,8B,10,11 


1,2,3,7, 8A,8B,9,10,11 


1,7,9 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HD-4702/883 


Burn-In Circuit 


HD-4702/883 CERAMIC DIP 



NOTES- Fq = lOOKHz ± 10%, F-] = F 0 / 2 . ^2 = • 

R-l = lOkn, 1/4 W, ±10% 

Vcc = 5.5V ± 0.5V, GND = OV 
Cl = 0.01 uF minimum 


Packaging 



U U I 
.016* 


16 PIN CERAMIC DIP 


.150 MIN 


.008 ^ 
.015 


* INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


LEAD FINISH: Type A 

MATERIALS: Compliant to MIL-M-38510 


COMPLIANT OUTLINE: MIL-STD-1835 
GDIP1-T16 


NOTE- All Dimensions are 


, Dimensions are in inches. 

Max 
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HD-4702/883 


Metallization Topology 

DIE DIMENSIONS: 

100 X 97 X 19 mils 
METALLIZATION: 

Type: Si - Al 
Thickness: 10kA - 12kA 
GLASSIVATION: 

Type: Si02 
Thickness: 7kA - 9kA 
DIE ATTACH: 

Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP —* 460^0 (Max) 

WORST CASE CURRENT DENSITY: 

7.1 X 104A/cm2 

Metallization Mask Layout 

HD-4702/883 


QO VCC 



Ox lx GND CO z 
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Features 

• 8.0MHz Operating Frequency {HD-6402B) 

• 2 .OMH 2 Operating Frequency (HD-6402R) 

• Low Power CMOS Design 

• Programmable Word Length, Stop Bits and Parity 

• Automatic Data Formatting and Status Generation 

• Compatible with Industry Standard UARTs 

• Single +5V Power Supply 

• CMOS/TTL Compatible Inputs 


Ordering Information 


PACKAGE 

TEMP. 

RANGE 

2MHz = 
125KBAUD 

8MHz = 
500K BAUD 

Plastic DIP 

-40OCto+85OC 

HD3-6402R-9 

HD3-6402B-9 

Ceramic DIP 

-40OCto+85OC 

HD1-6402R-9 

HD1-6402B-9 

V883 

- 550 c to+12500 

HD1-6402R/ 

883 

HD1-6402B/ 
883 

SMD# 


5962-9052501 

MQA 

5962-9052502 

MQA 


* Respective /883 specfications are included at the end of this data sheet 


HD-6402 

CMOS Universal Asynchronous 
Receiver Transmitter (UART) 

Description 

The HD-6402 is a CMOS UART for interfacing computers 
or microprocessors to an asynchronous serial data channel. 
The receiver converts serial start, data, parity and stop bits. 
The transmitter converts parallel data into serial form and 
automatically adds start, parity and stop bits. The data word 
length can be 5, 6,7 or 8 bits. Parity may be odd or even. 
Parity checking and generation can be inhibited. The stop 
bits may be one or two or one and one-half when transmit¬ 
ting 5 bit code. 

The HD-6402 can be used in a wide range of applications 
including modems, printers, peripherals and remote data 
acquisition systems. Utilizing the Harris advanced scaled 
SAJI IV CMOS process permits operation clock frequencies 
up to 8.0MHz (500K Baud). Power requirements, by 
comparison, are reduced from 300mW to lOmW. 
Status logic increases flexibility and simplifies the user 
interface. 


Pinout 


40 LEAD DIP 
TOP VIEW 


RBR6 


RBR1 112 



Control Definition 


CONTROL WORD 


CHARACTER FORMAT 


START DATA PARITY STOP 
BIT BITS BIT BITS 



CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


File Number 2956 
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HD-6402 


Pin Description 



iBH 

SYMBOL 

DESCRIPTION 

1 

■ 

VCC* 

Positive Voltage Supply 

2 

■ 

NC 

No Connection 

3 

■ 

GND 

Ground 

4 

1 

RRD 

A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding out¬ 
puts RBR1-RBR8 to high impedance state. 

5 

o 

RBR8 

The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs. Word formats less than 8 char¬ 
acters are right justified to RBR1. 

6 

0 

RBR7 

See Pin 5-RBR8 


0 

RBR6 

See Pin 5-RBR8 


0 

RBR5 

See Pin 5-RBR8 


0 

RBR4 

See Pin 5-RBR8 

10 

0 

RBR3 

See Pin5-RBR8 

11 

0 

RBR2 

See Pin 5-RBR8 

12 

o 

RBR1 

See Pin 5-RBR8 

13 

0 

PE 

A high level on PARITY ERROR Indicates 
received parity does not match parity 
programmed by control bits. When parity 
is inhibited this output is low. 

14 

0 

FE 

A high level on FRAMING ERROR indicat¬ 
es the first stop bit was invalid. 

15 

o 

OE 

A high level on OVERRUN ERROR Indicat¬ 
es the data received flag was not cleared 
before the last character was transferred 
to the receiver buffer register. 


B1 


SYMBOL 

DESCRIPTION 

16 

1 

SFD 

A high level on STATUS FLAGS DISABLE 
forces the outputs PE, FE, OE, DR, TBRE 
to a high imp^ance state. 

17 

1 

RRC 

The Receiver register clock Is 16X the 
receiver data rate. 

18 

1 

DRR 

A low level on DATA RECEIVED RESET 
clears the data received output DR to a 
low level. 

19 

o 

DR 

A high level on DATA RECEIVED indicates 
a character has been received and trans¬ 
ferred to the receiver buffer register. 

20 

1 

RRI 

Serial data on RECEIVER REGISTER IN¬ 
PUT is clocked into the receiver register. 

21 

1 

MR 

A high level on MASTER RESET clears PE, 
FE, OE and DR to a low level and sets the 
transmitter register empty (TRE) to a 
high level 18 clock cycles after MR falling 
edge. MR does not clear the receiver buffer 
register. This input must be pulsed at least 
once after power up. The HD-6402 must 
be master reset after power up. The reset 
pulse should meet VIH and t^p. Wait 18 
clock cycles after the falling edge of MR 
before beginning operation. 

22 

o 

TBRE 

A high level on TRANSMITTER BUFFER 
REGISTER EMPTY indicates the transmit¬ 
ter buffer register has transferred its 
data to the transmitter register and is 
ready for new data. 


* A 0.1 pF decoupling capacHor from the VCC pin to the GND is recommended. 

i t I M t t t t t t t t t t t i I i I 

20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

HD -6402 


21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 


ESI 

qE3 

SYMBOL 

DESCRIPTION 

31 

1 

TBR6 

See Pin26-TBR1. 

32 

1 

TBR7 

See Pin26-TBR1. 

33 

1 

TBR8 

See Pin26-TBR1. 

34 

1 

CRL 

A high level on CONTROL REGISTER LOAD 
loads the control register with the control 
word. The control word is latched on the 
falling edge of CRL. CRL may be tied high. 

35 

1 

PI 

A high level on PARITY INHIBIT inhibits 
parity generation, parity checking and 
forces PE output low. 

36 

1 

SBS 

A high level on STOP BIT SELECT selects 

1.5 stop bits for 5 character format and 

2 stop bits for other lengths. 

37 

1 

CLS2 

These inputs program the CHARACTER 
LENGTH SELECTED (CLS1 low CLS2 low 

5 bits) (CLS1 high CLS2 low 6 bits) 

(CLS1 low CLS2 high 7 bits) (CLS1 high 
CLS2 high 8 bits.) 

38 

1 

CLS1 

SeePln37-CLS2. 

39 

1 

EPE 

When PI is low, a high level on EVEN 
PARITY ENABLE generates and checks 
even parity. A low level selects odd parity. 

40 

' 

TRC 

The TRANSMITTER REGISTER CLOCK is 

16X the transmit data rate. 


BBI 

003 

SYMBOL 

DESCRIPTION 

23 

1 

TBRL 

A low level on TRANSMITTER BUFFER 
REGISTER LOAD transfers data from 
inputs TBR1-TBR8 into the transmitter 
buffer register. A low to high transition 
on TBRL Initiates data transfer to the 
transmitter register. If busy, transfer is 
automatically delayed so that the two char¬ 
acters are transmitted end to end. 

24 

0 

TRE 

A high level on TRANSMITTER REGISTER 
EMPTY indicates completed transmission 
of a character including stop bits. 

25 

0 

TRO 

Character data, start data and stop bits 
appear serially at the TRANSMITTER REG¬ 
ISTER OUTPUT. 

26 

1 

TRB1 

Character data Is loaded Into the TRANS¬ 
MITTER BUFFER REGISTER via Inputs 
TBR1-TBR8. For character formats less 
than 8 bits the TBR8,7 and 6 inputs are 
ignored corresponding to their program¬ 
med word length. 

27 

1 

TBR2 

See Pin 26-TBR1. 

28 

1 

TBR3 

See Pin 26-TBR1. 

29 

1 

TBR4 

See Pin 26-TBR1. 

30 

1 

TBR5 

See Pin26-TBR1. 




































HD-6402 


Transmitter Operation 

The transmitter section accepts parallel data, formats the 
data and transmits the data in serial form on the Transmitter 
Register Output (TRO) terminal (See serial data format). 
Data is loaded from the inputs TBR1-TBR8 into the 
Transmitter Buffer Register by appl ying a logic low on the 
Transmitter Buffer Register Load (TBRL) input (A). Valid 
data must be present at least tset Prior to and thold 
following the rising edge of TBRL. If words less than 8 bits 
are used, only the least significant bits are transmitted. The 
character is right justified, so the least significant bit corre¬ 
sponds to TBR1 (B). 


The rising edge of TBRL clears Transmitter Buffer Register 
Empty (TBRE). 0 to 1 Clock cycles later, data is transferred 
to the transmitter register, the Transmitter Register Empty 
(TRE) pin goes to a low state, TBRE is set high and serial 
data information is transmitted. The output data is clocked 
by Transmitter Register Clock (TRC) at a cl ock ra te 16 times 
the data rate. A second low level pulse on TBRL loads data 
into the Transmitter Buffer Register (C). Data transfer to the 
transmitter register is delayed until transmission of the cur¬ 
rent data is complete (D). Data is automatically transferred 
to the transmitter register and transmission of that character 
begins one clock cycle later. 


1 





TBRL L 

ft _ 

L 



TRANSMITTER TIMING TBRE 

mOT TO SCALED 

nu 

— 


T_ 

J 


0 TO 1 CLOCK ^ 

n—1/2 CLOCK 

n 

TRE 

n 

1_ 


- J 





TRO 

1 1—!■ 


DATA n 

1 ' 

V ........ .... 


® ® ® (^^ENO OF LAST STOP BIT 


Receiver Operation 

Data is received in serial form at the Receiver Register Input 
(RRI). When no data is being received, RRI must remain 
high. The data is clocked through the Receiver Register 
Clock (RRC). The clock rate is 16 ti mes the data rate. A low 
level on Data Received Reset (DRR) clears the Data Receiv¬ 
er (DR) line (A). During the first stop bit data is transferred 
from the Receiver Register to the Receiver Buffer Register 
(RBR) (B). If the word is less than 8 bits, the unused most 
significant bits will be a logic low. The output character is 


right justified to the least significant bit RBR1. A logic high 
on Overrun Error (OE) indicates overruns. An overrun 
occurs when DR has not been cleared before the present 
character was transferred to the RBR. One clock cycle later 
DR is reset to a logic high, and Framing Error (FE) is 
evaluated (C). A logic high on FE indicates an invalid stop 
bit was received, a framing error. A logic high on Parity Error 
(PE) indicates a parity error. 


RECEIVER TIMING 
(NOT TO SCALE) 



@ 



BEGINNING OF FIRST STOP BIT 


1 _ 

7’2 CLOCK CYCLES 


(D 


- 

^ CZ II 

-^1 CLOCK CYCLE 




SERIAL DATA 
FORMAT 


START BIT 


5-B DATA BITS 


l.l'/aORZSTOP BITS 


r 





z 


MSB 


A 


nr 


PARITY 


*IF ENABLED 
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HD-6402 


Start Bit Detection 


The receiver uses a 16X clock timing. The start bit could 
have occurred as much as one clock cycle before it was de¬ 
tected, as indicated by the shaded portion (A). The center of 
the start bit is defined as clock count 7 1/2. If the receiver 
clock is a symmetrical square wave, the center of the start 


bit will be located within ±1/2 clock cycle, ±1/32 bit or 
3.125% giving a receiver margin of 46.875%. The receiver 
begins searching for the next start bit at the center of the 
first stop bit. 


CLOCK 


' COUNT DEFINED 
CENTER OF START BIT 


7V? CLOCK CYCLES ■ 
- B'ft CLOCK CYCLES - 


Interfacing With The HD-6402 



TRANSMITTER 

TBRl 

TBR8 TR( 
CONTROL 


CONTROL 

RBI 



CONTROL 
TRO TBRl 
TBR8, 

TRANSMITTER 


TYPICAL SERIAL DATA LINK 
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Specifications HD-6402 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+8.0V Thermal Resistance. 0,a 0jc 

Input, Output or I/O VoltageApplied.GND-0.5V to VCC+0.5V Ceramic DIP Package. 48.3°C/W 14.8°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175°C Ceramic DIP Package.1.03W 

Lead Temperature (Soldering 10s).+300°C ©ate Count.1643 Gates 

ESD Classification.Class 1 

Typical Derating Factor.ImA/MHz Increase in ICCOP 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.... 


+4.5V to +5.5V Operating Temperature Range 

HD-6402R-9, HD6402B*9.-40°C to +85°C 


DC Electrical Specifications vcc = s.ov ± io%, t^ = -40°c to +85°c (hd-6402r-9, hd-6402B-9) 


LIMITS 


SYMBOL 


VIH 




PARAMETER 


Logical “1” Input Voltage 


Logical “0” Input Voltage 


Input Leakage Current 


Logical “1” Output Voltage 


Logical “0” Output Voltage 


Output Leakage Current 


Standby Supply Current 


ICCOP Operating Supply Current* 


•Guaranteed, but not 100% tested 
Capacitance ta = +25°c 




CONDITIONS 


vcc = 5.5V 


VCC = 4.5V 


VIN = GND or VCC, VCC = 5.5V 


lOH = -2.5mA, VCC = 4.5V 
IOH = -100|iA 


lOL = +2.5mA, VCC = 4.5V 


VO = GND or VCC, VCC = 5.5V 


VIN = GND or VCC; VCC = 5.5V. 
Output Open 


VCC = 5.5V. Clock Freq. = 2MHz. 
VIN = VCC or GND, Outputs Open 


PARAMETER 

SYMBOL 

Input Capacitance 

CIN 

Output Capacitance 

COUT 


conditions 


Freq. = 1MHz, all measurements are referenced to de¬ 
vice GND 


AC Electrical Specifications vcc = s.ov ± io%. t^ = -40°c to +85°c {hd-6402R-9, hd6402B-9) 


I limits HD-6402R LIMITS HD-6402B 


LIMIT 


TYPICAL 

UNITS 

25 

PF 

25 

PF 


(1) 

fCLOCK 

(2) 

tPW 

(3) 

tMR 

(4) 

tSET 

(5) 

tHOLD 

(6) 

tEN 


PARAMETER 


Clock Frequency 


Pulse Widths, CRL, DRR, TBRL 


Pulse Width MR 


Input Data Setup Time 


Input Data Hold Time 


Output Enable Time 


MAX I UNITS 




CONDITIONS 
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Switching Waveforms 



CLS1. CLS2. SBS, PI. EPE 




DATA INPUT CYCLE CONTROL REGISTER LOAD CYCLE STATUS FLAG OUTPUT ENABLE TIME 

OR DATA OUTPUT ENABLE TIME 


A.C. Testing input. Output Waveform 


INPUT 
VIH+ 20%VIH 

VIL -50%VIL 




OUTPUT 

VOH 

VOL 


A C. Testing; All input signals must switch between VIL - 50% VIL and VIH + 
20% VIH. Input rise and fall times are driven at 1 nsA/. 


Test Circuit 


OUT cy 


Cl* 




* Includes stray and jig capacitance, CL 50pF 










SEMICONDUCTOR 


HD-6402/883 


CMOS Universal Asynchronous 
January 1992 Receiver Transmitter (UART) 


Features 

• This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• 8.0MHz Operating Frequency {HD-6402B/883) 

• 2.0MHz Operating Frequency {HD-6402R/883) 

• Low Power CMOS Design 

• Programmable Word Length, Stop Bits and Parity 

• Automatic Data Formatting and Status Generation 

• Compatible with Industry Standard UARTs 

• Single +5V Power Supply 

• CMOS/TTL Compatible Inputs 


Pinout 

HD1-6402/883 (CERAMIC DIP) 
TOP VIEW 


vcc Q] 

- 





GND [T 



RRD [T 



RBR8 



RBR7 [T 






RBR5 m 
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Description 

The HD-6402/883 is a CMOS UART for interfacing com¬ 
puters or microprocessors to an asynchronous serial data 
channel. The receiver converts serial start, data, parity and 
stop bits. The transmitter converts parallel data into serial 
form and automatically adds start, parity and stop bits. The 
data word length can be 5, 6,7 or 8 bits. Parity may be odd 
or even. Parity checking and generation can be inhibited. 
The stop bits may be one or two or one and one-half when 
transmitting 5 bit code. 

The HD-6402/883 can be used in a wide range of applica¬ 
tions including modems, printers, peripherals and remote 
data acquisition systems. Utilizing the Harris advanced 
scaled SAJI IV CMOS process permits operation clock 
frequencies up to 8.0MHz {500K Baud). Power require¬ 
ments, by comparison, are reduced from 300mW to lOmW. 
Status logic increases flexibility and simplifies the user 
interface. 


Control Definition 


CONTROL WORD 

CHARACTER FORMAT 



■ 








L 

wm 


s 






S 

n 


B 

START 

DATA 

PARITY 

STOP 


B 

■ 


s 

BIT 

BITS 

BIT 

BITS 

0 

0 

0 

0 

0 

1 

5 

ODD 

1 

0 

0 

0 

0 

1 

1 

5 

ODD 

1.5 

0 

0 

0 

1 

0 

1 

5 

EVEN 

1 

0 

0 

0 

1 

1 

1 

5 

EVEN 

1.5 

0 

0 

1 

B 

0 

1 

5 

NONE 

1 

0 

0 

1 

B 

1 

1 

5 

NONE 

1.5 

0 

1 

0 

0 

0 

1 

6 

ODD 

1 

0 

1 

0 

0 

1 

1 

6 

ODD 

2 

0 

1 

0 

1 

0 

1 

6 

EVEN 

1 

0 

1 

0 

1 

1 

1 

6 

EVEN 

2 

0 

1 

1 

X 

0 

1 

6 

NONE 

1 

0 

1 

1 

X 

1 

1 

6 

NONE 

2 

1 

0 

0 

0 

0 

1 


ODD 

1 

1 

0 

0 

0 

1 

1 

WM 

ODD 

2 

1 

0 

0 

1 

0 

1 

WM 

EVEN 

1 

1 

0 

0 

1 

1 

1 

WM 

EVEN 

2 

1 

0 

1 

X 

0 

1 

WM 

NONE 

1 

1 

0 

1 

X 

1 

1 

WM 

NONE 

2 

1 

1 

0 

0 

0 

1 

8 

ODD 

1 

1 

1 

0 

0 

1 

1 

8 

ODD 

2 

1 

1 

0 

1 

0 

1 

8 

EVEN 

1 

1 

1 

0 

D 

1 

1 

8 

EVEN 

2 

1 

D 

D 

B 

0 

1 

8 

NONE 

1 

1 

B 

fl 

B 

1 

1 

8 

NONE 

2 
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Specifications HD-6402/883 


Absolute Maximum Ratings 

Supply Voltage.+8.0V 

Input, Output or I/O Voltage Applied_ GND-O.SVtoVCC^O.SV 

Storage Temperature Range.-650C to+150^0 

Junction Temperature.+175^0 

Lead Temperature (Soldering 10 sec).+300^0 

ESD Classification.Class 1 

Typical Derating Factor.1 mA/MHz Increase in ICCOP 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


operating Voltage Range.+4.5V to +5.5V 

Operating Temperature Range.-SS^C to+125^0 


TABLE 1. HD-6402/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested. 





GROUPA 
SUBGROUPS 


1 LIMITS 1 


D.C. PARAMETERS 

SYMBOL 

CONDITIONS 

TEMPERATURE 

MIN 

MAX 

UNITS 

Logical “1 ” Input Voltage 

VIH 

VCC = 5.5V 

1,2,3 

-550 C <Ta<+ 1250C 

2.3 

- 

V 

Logical “0” Input Voltage 

VIL 

VCC = 4.5V 

1,2,3 

-55OC < Ta < +125OC 

- 

0.8 

V 

Input Leakage Current 

II 

VIN = GND or VCC, 

VCC = 5.5V 

1,2,3 

-550c <Ta<+i 250c 

-1.0 

1.0 

fiA 

Logical “1” Output 
Voltage 

VOH 

lOH = -2.5mA, 

VCC = 4.5 V, (Note 1) 

1,2,3 

-550c <Ta<+i 250c 

3.0 

“ 

V 

Logical “1 ” Output 
Voltage 

VOH 

IOH=-100 mA, 

VCC = 4.5V, (Hotel) 

1,2,3 

-550c <Ta<+i 250c 

VCC 

-0.4 

“ 

V 

Logical “0” Output 
Voltage 

VOL 

lOL = +2.5mA, 

VCC = 4.5V, (Note 1) 

1,2,3 

-550c <Ta<+i 250c 


0.4 

V 

Output Leakage Current 

lO 

VO = GND or VCC, 

VCC = 5.5V 

1,2,3 

-550 C<Ta<+ 1250C 

-1.0 

1.0 

pA 

Standby Supply Current 

ICCSB 

VIN = GND or VCC; 
VCC = 5.5V 

Output Open 

1,2,3 

-550 C<Ta<+ 1250C 

■ 

100 

mA 


Reliability information 

Thermal Resistance Qja Qjc 

Ceramic DIP Package. 48.30C/W 14.80C/W 

Maximum Package Power Dissipation at +1250C 

Ceramic DIP Package.1.03W 

Gate Count. 1643 Gates 


TABLE 2. HD-6402/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


A.C. 

PARAMETERS 


(NOTE 2) 
CONDITIONS 

GROUPA 

SUBGROUPS 


LIMITS 

HD-6402R/883 

LIMITS 

HD-6402B/883 


SYMBOL 

TEMPERATURE 

MIN 

MAX 

MIN 

MAX 

UNITS 

Clock Frequency 

(■•)^CLOCK 


9,10,11 

-550c <Ta<+1 250c 

- 

2.0 

- 

8.0 

MHz 

Pulse Widths, 
CRL,DRR,TBRL 

(2)tpw 

VCC = 4.5V 

9,10,11 

-550c <Ta<+1 250c 

150 


75 

- 

ns 

Pulse Width MR 

(3)tMR 

CL = 50pF 

9,10,11 


150 

- 

150 

- 

ns 

Input Data Setup 
Time 

H)tsET 


9,10,11 

-550c <Ta<+1 250c 

50 


20 

■ 

ns 

Input Data Hold 
Time 

(5)tHOLD 


9,10,11 

-550c <Ta<+1 250c 

60 

■ 

20 

■ 

ns 

Output Enable 

Time 

(6)tEN 


9,10,11 

-550C<Ta<+1250C 

■ 

160 

■ 

35 

ns 


NOTES: 

1. Interchanging of force and sense conditions is permitted. 2. Tested with input levels of VIH = 2.76V and VIL = 0.4V. Rise and 

fall times are driven at 1 ns/V. 














































































































































Specifications HD-6402/883 


TABLE 3. HD-6402/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


A.C. PARAMETERS 

SYMBOL 

Input Capacitance 

CIN 

Output Capacitance 

CO 

Operating Supply 

Current 

ICCOP 




f= 1MHz 

All Measurements are . 
Referenced to Device GND 


Clock Freq. = 2MHz 
VIN = VCCorGND, 
Outputs Open 



TEMPERATURE 


Ta = +25OC 


Ta = + 250c 


-55OC <Ta<+1250C 


LIMITS 


MIN 






NOTE- 3. The Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design and after major process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 



CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HD-6402/883 


Packaging 


40 PIN CERAMIC DIP 


2.035 



.065 ♦ INCREASE MAX UMIT BY .003 INCHES 

MEASURED AT CENTER OF FLAT FOR 
SOLDER RNISH 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, 

MATERIALS: Compliant to MIL-M-38510 GDIP1-T40 


NOTE' All Dimensions are 


—— , Dimensions are in inches. 
Max 
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HD-6408 


January 1992 


CMOS Asynchronous Serial 
Manchester Adapter (ASMA) 


Features 

• Low Bit Error Rate 

• Data Rate. 

• Sync Identification and Lock-In 

• Clock Recovery 

• Manchester II Encoder, Decoder 

• Separate Encode and Decode 

• Low Operating Power. 

• Single Power Supply 

• 24 Pin Package 

Ordering Information 


Pinout 


.SOmWatSV 


TEMP. RANGE 

-40°C to +85°C 


-40°C to +85°C 


24 LEAD DIP 
TOP VIEW 



Description 

The HD-6408 is a CMOS/LSI Manchester Encoder/Decoder 
for creating a very high speed asynchronous serial data bus. 
The Encoder converts serial NRZ data (typically from a shift 
register) to Manchester 11 encoded data adding a sync pulse 
and parity bit. The Decoder recognizes this sync pulse and 
identifies it as a Command Sync or a Data Sync. The data is 
then decoded and shifted out in NRZ code (typically Into a 
shift register). Finally, the parity bit is checked. If there were 
no Manchester or parity errors the Decoder responds with a 

Block Diagrams 


valid word signal. The Decoder puts the Manchester code to 
full use to provide clock recovery and excellent noise immu¬ 
nity at these very high speeds. 

The HD-6408 can be used in many commercial applications 
such as security systems, environmental control systems, 
serial data links and many others. It utilizes a single 12 x 
clock and achieves data rates of up to one million bits per 
second with a very minimum overhead of only 4 bits out of 
20, leaving 16 bits for data. 





CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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PIN 


TYPE 


SYMBOL 


SECTION 


DESCRIPTION 


1 

0 

vw 

Decoder 

Output high indicates receipt of a VALID WORD. 

2 

0 

ESC 

Encoder 

ENCODER SHIFT CLOCK is an output for shifting data into the Encoder.The 
Encoder samples SDI on the low-to-high transition of ESC. 

3 

0 

TD 

Decoder 

TAKE DATA output is high during receipt of data after identification of a sync pulse 
and two valid manchester data bits. 

4 

0 

SDO 

Decoder 

SERIAL DATA OUT delivers received data in correct NRZ format. 

5 

■ 

DC 

Decoder 

DECODER CLOCK Input drives the transition finder, and the synchronizer which 
in turn supplies the clock to the balance of the Decoder. Input a frequency equal 
to 12X the data rate. 

6 

■ 

BZI 

Decoder 

A high input should be applied to BIPOLAR ZERO IN when the bus is in its nega¬ 
tive state. This pin must be held high when the Unipolar input is used. 

■ 

■ 

BOI 

Decoder 

A high input should be applied to BIPOLAR ONE IN when the bus is in its positive 
state, this pin must be held low when the Unipolar input is used. 

8 

■ 

UDI 

Decoder 

With pin 6 high and pin 7 low, this pin enters UNIPOLAR DATA IN to the transition 
finder circuit. If not used this input must be held low. 

9 

0 

DSC 

Decoder 

DECODER SHIFT CLOCK output delivers a frequency (DECODER CLOCK + 

12), synchronized by the recovered serial data stream. 

10 

0 

CDS 

Decoder 

COMMAND/DATA SYNC output high occurs during output of decoded data which 
was preceded by a Command synchronizing character. A low output indicates a 
Data synchronizing character. 

11 

■ 

DR 

Decoder 

A high input to DECODER RESET during a rising edge of DECODER SHIFT 
CLOCK resets the decoder bit counting logic to a condition ready for a new word. 

12 

1 

GND 

Both 

GROUND supply pin. 

13 

■ 

MR 

Both 

A high on MASTER RESET clears the 2:1 counters in both the encoder and 
decoder and the + 6 counter. 

14 

H 

DBS 

Encoder 

DIVIDE BY SIX is an output from 6:1 divider which is driven by the ENCODER 
CLOCK. 

15 

0 

BZO 

Encoder 

BIPOLAR ZERO OUT is a active low output designed to drive the zero or negative 
sense of a bipolar line driver. 

16 

1 

oF 

Encoder 

A low on OUTPUT INHIBIT forces pin 15 and 17 high, their Inactive states. 

17 

0 

BOO 

Encoder 

BIPOLAR ONE OUT Is an active low output designed to drive the one or positive 
sense of a bipolar line driver. 

18 

■ 

SDI 

Encoder 

SERIAL DATA IN accepts a serial data stream at a data rate equal to ENCODER 
SHIFT CLOCK. 

19 

■ 

EE 

Encoder 

A high on ENCODER ENABLE Initiates the encode cycle. (Subject to the preced¬ 
ing cycle being complete.) 

20 

■ 

SS 

Encoder 

SYNC SELECT actuates a Command sync for an input high and data sync for an 
input low. 

21 

0 

SD 

Encoder 

SEND DATA is an active high output which enables the external source of serial 
data. 

22 

0 

SCI 

Encoder 

SEND CLOCK IN is 2X the Encoder data rate. 

23 

■■ 

EC 

Encoder 

ENCODER CLOCK is the input to the 6:1 divider. 


Vcc is the +5V power supply pin. A O.lpF decoupling capacitor from Vcc (P'*^ 24) 


to GND (pin 12) is recommended. 


24 


Both 
















































































































HD-6408 


Encoder Operation 

The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SCIock input. An 
auxiliary divide by six counter is provided on chip which can 
be utilized to produce the SCIock by dividing the DCIock. 

The Encoder’s cycle begins when EE is high during a falling 
edge of ESC (1). This cycle lasts for one word length or 
twenty ESC periods. At the next low-to-high transition of the 
ESC, a high at SS input actuates a Command sync or a low 
will produce a Data sync for that word (2). When the Encoder 
is ready to accept data, the SD output will go high and 
remain high for sixteen ESC periods (3) - (4). 

During these sixteen periods the data should be clocked into 
the SDInput with every high-to-low transition of the ESC (3) - 
(4). After the sync an d Ma nche ster II encoded data are 
transmitted through the BOO and BZO outputs, the Encoder 


adds on an additional bit which is the (odd) parity for that 
word (5). If ENCODER ENABLE is held high continuously, 
consecutive words will be encoded without an interframe 
gap. ENCODER ENABLE must go low by time (5) as shown 
to prevent a consecutive word from being encoded. At any 
time a low on OI will force both bipolar outputs to a high state 
but will not affect the Encoder in any other way. 

To Abort the Encoder transmission a positive pulse must be 
applied at MR. Any time after or during this pulse, a low-to- 
high transition on SCI clears the internal counters and initial¬ 
izes the Encoder for a new word. 


I I I ® I ’ I H 3 I ^ I ® I ® I H I 15 I h® I I I 

' ruinnnjiriJinjuinjTJin^ .arinnjmjwinmijirii 
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Decoder Operation 

The Decoder requires a single clock with a frequency of 12 
times the desired data rate applied at the DCIock input. The 
Manchester 11 coded data can be presented to the Decoder 
in one of two ways. The BOI and BZI inputs will accept data 
from a differential output comparator. The UDI input can only 
accep t noninverted Manchester II coded data (e.g. from 
BOO of an Encoder through an inverter to UDI). 

The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync Is recognized (1), the type of sync is indicated by the 
CDS output. If the sync character was a command, this out¬ 
put will go high (2) and remain high for sixteen DSC periods 
(3), otherwise it will remain low. The TD output will go high 
and remain high (2) - (3) while the Decoder is transmitting 
the decoded data through SDO. 

The decoded data available at SDO is in a NRZ format. The 
DSC is provided so that the decoded bits can be shifted into 


an external register on every low-to-high transition of this 
clock (2) - (3). Note that DECODER SHIFT CLOCK may 
adjust its phase up until the time that TAKE DATA goes high. 

After all sixteen decoded bits have been transmitted (3) the 
data is checked for odd parity. A high on VW output (4) indi¬ 
cates a successful reception of a word without any 
Manchester or parity errors. At this time the Decoder is look¬ 
ing for a new sync character to start another output 
sequence.VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high if not 
reset low sooner by a valid sync and two valid Manchester 
bits as shown (1). 

At any time In the above sequence a high input on DR during 
a low-to-high transition of DSC will abort transmission and 
initialize the Decoder to start looking for a new sync charac¬ 
ter. 


TIMING 


18 


19 














Specifications HD-6408 


Absolute Maximum Ratings 

Supply Voltage.+7.0V 

Input, Output or I/O Voltage.GND-0.3V to Vcc+0.3V 


Reliability Information 

Thermal Resistance. 


Ceramic DIP Package. 50.4‘'C/W 11 .rc/W 


Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 


Junction Temperature.+175°C Ceramic DIP Package.992mW 

Lead Temperature (Soldering 10s).+300°C Gate Count.456 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may causa permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.... 


+4.5V to +5.5V Operating Temperature Range 

HD-6408-9.-40°C to +85°C 


DC Electrical Specifications Vcc = 5.ov ± i o%, t^ = -40®c to +85°c 



MIN TYP MAX 


70% Vcc 


PARAMETER 


Logical "1" Input Voltage 


Logical "0" Input Voltage 


Logical "1" Input Voltage (Clock) 


Logical "0” Input Voltage (Clock) 


Input Leakage 


Logical "1" Output Voltage 


Logical "0“ Output Voltage 


Supply Current Standby 


•ccop Supply Current Operating* 


(‘Guaranteed but not 100% tested) 



TEST CONDITIONS 



V|N = Vcc or GND, DIP Pins 
5-8,11,13,16,18, 19, 20, 22, 23 


V|N = Vcc = 5-5V Outputs Open 


Vcc = 5.5V, f = 15MHz 


AC Electrical Specifications Vcc = s.ov ± io%, t^ = -4o°c to +85°c 


PARAMETER 


TEST CONDITIONS 


ENCODER TIMING 


(1) Fec 


(2) Fesc 


(3) Tecr 


(4) Tecf 


(5) Fed 


(6) Tmr 


(7) Tei 


(8) Te2 


(9) Te3 


(10) Te4 


(11) Te5 


(12) Te6 


(13) Te7 


(14) Te8 


(15) Te9 


(16) Teio 


(17) Teh 



Encoder Clock Frequency 


Send Clock Frequency 


Encoder Clock Rise Time 


Shift Clock Delay 


Serial Data Setup 


Serial Data Hold 


Enable Setup 


Enable Pulse Width 


Sync Setup 


Sync Pulse Width 


Send Data Delay 


Bipolar Output Delay 


Sync Hold 
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Specifications HD-6408 


AC Electrical Specifications (Continued) Vcc = s.ov ± io%, Ta = -40^c to +B5°c 


(18) 

Fdc 

(19) 

Tdcr 

(20) 

Tdcf 

(21) 

Fdd 

(22) 

Tor 

(23) 

Tors 


PARAMETER 


SYMBOL 


DECODER TIMING 


Decoder Clock Frequency 


Decoder Clock Rise Time 


Decoder Clock Fall Time 


Data Rate 


Decoder Reset Pulse Width 


Decoder Reset Setup Time 


Decoder Reset Hold Time 


Master Reset Pulse Width 


Bipolar Data Pulse Width 


Sync Transition Span 


One Zero Overlap 


Short Data Transition Span 


Long Data Transition Span 


Sync Delay (ON) 


Take Data Delay (ON) 


Serial Data Out Delay 


Sync Delay (OFF) 


Take Data Delay (OFF) 


Valid Word Delay 


NOTE: 

1. Tdc = Decoder Clock Period = VFqc- 

(These parameters are guaranteed but not 100% tested). 


TEST CONDITIONS 


(28) 

Td3 

(29) 

To4 

(30) 

Tds 

(31) 

Td6 

(32) 

Td7 

(33) 

Td8 

(34) 

Td9 

(35) 

Tdio 

(36) 

Toil 




Cl = 50pF 


Cl = 50pF 


Cl = 50pF 


Note 1, Cl = 50pF 


Note 1, Cl * 50pF 


Note1,CL = 50pF 


Note1,CL = 50pF 


Note 1,Cl = 50pF 


Cl = 60pF 


Cl = 50pF 


Cl = 50pF 


Cl = 50pF 


Cl = 50pF 


Capacitance Ta = +25°c 





































































































































AC Testing Input, Output Waveform 


INPUT 
VIH - 

VIL - 






OUTPUT 

- VOH 

- VOL 


AC TESTING: All input signals must switch between VIL and 
VIH. Input rise and fall times are driven at 1 ns per volt. 


BOO 


Decoder Timing 


[—- BIT PERIOD -- —-BIT PERIOD 


\W)~ 


(27) 




DIAGRAMS 

BIT PERIOD — 


TD3 _H k- TD3{28) 

^^•^/////////////////jy/////////A _ 


COMMAND SYNC 
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Features 

• Converter or Repeater Mode 

• Independent Manchester Encoder and Decoder 
Operation 

• Static to One Megabit/sec Data Rate Guaranteed 

• Low Bit Error Rate 

• Digital PLL Clock Recovery 

• On Chip Oscillator 

• Low Operating Power: 50mW Typical at +5V 

• Available in 20 Pin Dual-ln-Line and 20 Pad LCC 
Package 

Ordering Information 


PACKAGE 

TEMPERATURE RANGE 

1 MEGABIT/SEC 

Plastic DIP 

-40OC to +850C 

HD3-6409-9 

SOIC 

-40OC to +850C 

HD9P6409-9 

Ceramic DIP 

-40OC to +850C 

HD1-6409 

V883 

- 550 c to +1 250 c 

HD1-6409/883 

LCC 

-40OC to +850C 

HD4-6409-9 

*/883 

- 550 c to +1 250 c 

HD4-6409/883 


Respective /883 specifications are included at the end of this data sheet. 


CMOS Manchester Encoder-Decoder 


The HD-6409 Manchester Encoder-Decoder (MED) is a 
high speed, low power device manufactured using self- 
aligned silicon gate technology. The device is intended for 
use in serial data communication, and can be operated in 
either of two modes. In the converter mode, the MED 
converts Non return-to-Zero code (NRZ) into Manchester 
code and decodes Manchester code into Nonreturn-to- 
Zero code. For serial data communication, Manchester 
code does not have some of the deficiencies inherent in 
Nonreturn-to-Zero code. For instance, use of the MED on 
a serial line eliminates DC components, provides clock 
recovery, and gives a relatively high degree of noise 
immunity. Because the MED converts the most commonly 
used code (NRZ) to Manchester code, the advantages 
of using Manchester code are easily realized in a serial 
data link. 

In the Repeater mode, the MED accepts Manchester code 
input and reconstructs it with a recovered clock. This mini¬ 
mizes the effects of noise on a serial data link. A digital 
phase lock loop generates the recovered clock. A maximum 
data rate of 1MHz requires only 50mW of power. 

Manchester code is used in magnetic tape recording and in 
fiber optic communication, and generally is used where 
data accuracy is imperative. Because it frames blocks of 
data, the HD-6409 easily interfaces to protocol controllers. 


Description 


Pinouts 

20 LEAD DIP 

20 LEAD SOIC 20 LEAD LCC 

TOP VIEW TOP VIEW 



Copyright © Harris Corporation 1992 
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Pin Description 


PIN 

NUMBER 

TYPE 

SYMBOL 

NAME 

DESCRIPTION 

1 

1 

BZI 

Bipolar Zero Input 

Used in conjunction with pin 2, Bipolar One Input (BOI), to input 
Manchester II encoded data to the decoder, BZI and BOI are logical 
complements. When using pin 3, Unipolar Data Input (UDI) for data 
input, BZI must be held high. 

2 

■ 

BOI 

Bipolar One Input 

Used in conjunction with pin 1, Bipolar Zero Input (BZI), to input 
Manchester II encoded data to the decoder, BOI and BZI are logical 
complements. When using pin 3, Unipolar Data Input (UDI) for data 
input, BOI must be held low. 

3 

■ 

UDI 

Unipolar Data Input 

An alternate to bipolar input (BZI, BOI), Unipolar Data Input (UDI) is 
used to input Manchester II encoded data to the decoder. When using 
pin 1 (BZI) and pin 2 (BOI) for data input, UDI must be held low. 

4 

I/O 

SD/CDS 

Serial Data/Command 
Data Sync 

In the converter mode, SD/CDS is an input used to receive serial NRZ 
data. NRZ data is accepted synchronously on the falling edge of 
encoder clock output (ECLK). In the repeater mode, SD/CDS is an 
output indicating the status of last valid sync pattern received. A high 
indicates a command sync and a low indicates a data sync pattern. 

5 

O 

SDO 

Serial Data Out 

The decoded serial NRZ data is transmitted out synchronously with 
the decoder clock (DCLK). SDO is forced low when RST is low. 

6 

o 


Serial Reset 

In the converter mode, SRST follows RST. In the repeater mode, 
when RST goes low, SRST goes low and remains low after RST goes 
high. SRST goes high only when RST is high, the reset bit is zero, and 
a valid synchronization sequence is received. 

7 

0 

NVM 

Nonvalid Manchester 

A low on NVM indicates that the decoder has received invalid 
Manchester data and present data on Serial Data Out (SDO) is invalid. 

A high indicates that the sync pulse and data were valid and SDO is 
valid. NVM is set low by a low on RST, and remains low after RST goes 
high until valid sync pulse followed by two valid Manchester bits is 
received. 

8 

o 

DCLK 

Decoder Clock 

The decoder clock is a 1X clock recovered from BZI and BOI to 
synchronously output received NRZ data (SDO). 

9 

1 


Reset 

In the converter mode, a low on RST forces SDO, DCLK, NVM, and 
SRST low. A high on RST enables SDO and DCLK, and forces SRST 
high. NVM remains low after RST goes high until a valid sync pulse 
followed by two Manchester bits is received, after which it goes high. 

In the repeater mode, RST has the same effect on SDO, DCLK and 

NVM as In the converter mode. When RST goes low, SRST goes low 
and remains low after RST goes high. SRST goes high only when 

RST is high, the reset bit is zero and a valid synchronization sequence 
is received. 


(1) Input (O) Output 
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Pin Description (Continued) 


PIN 

NUMBER 

TYPE 

SYMBOL 

NAME 

DESCRIPTION 

10 

1 

GND 

Ground 

Ground 

11 

O 

Co 

Clock Output 

Buffered output of clock input lx- May be used as clock signal for 
other peripherals. 

12 

■ 

•x 

Clock Input 

lx Is the input for an external clock or, if the internal oscillator is 
used, lx and Ox are used for the connection of the crystal. 

13 

o 

Ox 

Clock Drive 

If the internal oscillator is used. Ox and lx are used for the 
connection of the crystal. 

14 

■ 

MS 

Mode Select 

MS must be held low for operation in the converter mode, and 
high for operation In the repeater mode. 

15 

1 

CIS 

Clear to Send 

In the converter mode, a high disables the encoder, forcing 
outputs BOO, BZO high and ECLK low. A high to low transition of 

CTS initiates transmission of a Command sync pulse. A low on 

CTS enables BOO, BZO, and ECLK. In the repeater mode, the 
function of CTS is identical to that of the converter mode with the 
exception that a transition of CTS does not initiate a synchroni¬ 
zation sequence. 

16 

o 

ECLK 

Encoder Clock 

In the converter mode, ECLK is a 1X clock output used to receive 
serial NRZ data to SD/CDS. In the repeater mode, ECLK is a 2X 
clock which Is recovered from BZI and BOI data by the digital 
phase locked loop. 

17 

■ 

SS 

Speed Select 

A logic high on SS sets the data rate at 1 /32 times the clock 
frequency while a low sets the data rate at 1 /16 times the clock 
frequency. 

18 

o 


Bipolar Zero Output 

BZO and its logical complement BOO are the Manchester data 
outputs of the encoder. The inactive state for these outputs is in 
the high state. 

19 

o 

BOO 

Bipolar One Out 

See pin 18. 

20 

■ 

VCC 

VCC 

VCC is the +5V power supply pin. A 0.1 pF decoupling capacitor 
from VCC (pin-20) to GND (pin-10) is recommended. 
_1 


(I) Input (O) Output 
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Encoder Operation 

The encoder uses free running clocks at IX and 2X the data 
rate derived from the system clock lx for inter nal ti ming. CTS 
is used to control the encoder outputs, ECLK, BOO and BZO. 
A free running 1X ECLK is transmitted out of the encoder to 
drive the external circuits which supply the NRZ data to the 
MED at pin SD/CDS. 

A low on CTS enabl es e ncoder outputs E CLK, BOO and 
BZO, while a hig h on CTS forces BZO, BOO high and holds 
ECLK low. When CTS goes from high to I ow0 , a sy nchro ni- 
zation sequence is transmitted out on BOO and BZO. A 


CTS - 1 II ^ 1 

i i i : i 

ECLK Pl I 

) 1 

1 1 1 

h_h_r 

1 ' ! 

1 1 III 

• 1 III 


SD/CDS , I II 1 

I'l'i'o'i'i:! I 

; l■ri■o■l'r ! 

BOO ^ — 1 1 LU 

' ■ i i’ 1 

1 1 1 

' ' 1 

n 1 i 1 i ! 1 i ! 

LT" i" ! 0! 0 i 0! 0 i 0 j 0^ 

I ! I !!.'!! i 

j-* - EIGHT "O's” - ► 

_ n 

COMMA 

SYNC 

1 i i 

— 

pii 


SYNCHRONIZATION SEQUENCE 



synchronization sequence consists of eight Manchester “0” 
bits followed by a command sync pulse. (D A command 
sync pulse is a three bit wide pulse with the first 11/2 bits 
high followed by 1 1/2 bits low. (3) Serial NRZ data is 
clocked into the encoder at SD/CDS on the high to low transi¬ 
tion of ECLK during the command sync pulse. The NRZ data 
receive d is e ncode d int o Manchester II data and transmitted 
out on BOO and BZO following the command sync pulse. 
0 Following the synchronization sequence, input data is 
encoded and transmitted out continuously without parity 
check or wor d fram ing. The length of the data block encoded 
is defined by CTS. Manchester data out is inverted. 


Decoder Operation 

The decoder requires a single clock with a frequency 16X or 
32X the desired data rate. The rate is selected on the speed 
select with SS low producing a 16X clock and high a 32X 
clock. For long data links the 32X mode should be used as 
this permits a wider timing jitter margin. The internal operation 
of the decoder utilizes a free running clock synchronized with 
incoming data for its clocking. 

The Manchester II encoded data can be presented to the 
decoder in either of two ways. The Bipolar One and Bipolar 
Zero inputs will accept data from differential inputs such as a 
comparator sensed transformer coupled bus. The Unipolar 
Data input can only accept noni nverted Manchester II 
encoded data i.e. Bipolar One Out through an inverter to 
Unipolar Data Input. The decoder continuously monitors this 
data input for valid sync pattern. Note that while the MED 
encoder section can generate only a command sync pattern. 


the decoder can recognize either a command or data sync 
pattern. A data sync is a logically inverted command sync. 

There is a three bit delay between UDI, BOI, or BZI input and 
the decoded NRZ data transmitted out of SDO. 

Contr ol of the decoder outputs is provi ded by the RST pin. 
Whe n RST is low, SDO, DCLK and NVM are forced low. When 
RST is high, SDO is trans mitted out synchronously with the re¬ 
covered clock DCL K The NVM output remains low after a low 
to high transition on RST until a valid sync pattern is received. 

The decoded data at SDO is in NRZ format. DCLK is provid¬ 
ed so that the decoded bits can be shifted into an external 
register on every high to low transition of this clock. Three bit 
perio ds aft er an invalid Manchester bit is received on UDI, or 
BOI, NVM goes low synchronously with the questionable 
data output on SDO. FURTHER, THE DECODER DOES 
NOT REESTABLISH PROPER DATA DECODING UNTIL 
ANOTHER SYNC PATTERN IS RECOGNIZED. 
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Repeater Operation 

Manchester II data can be presented to the repeater in 
either of two ways. The inputs Bipolar One In and Bipolar 
Zero In will accept data from differential inputs such as a 
comparator or sensed transformer coupled bus. The input 
Unipolar Data In accepts only non-inverted Manchester II 
coded data. The decoder requires a single clock with a 
frequency 16X or 32X the desired data rate. This clock is 
selected to 16X with Speed Select low and 32X with Speed 
Select high. For long data links the 32X mode should be 
used as this permits a wider timing jitter margin. 

The inputs UDI, or BOI, BZI are del ayed appr oxim ately 1/2 
bit period and repeated as outputs BOO and BZO. The 2X 
ECLK is tr ansm itted out of the repeater synchronously with 
BOO and BZO. 


A low on CTS enables ECLK, BOO, and BZO. In contrast to 
the converter mode, a transition on CTS does not initiate a 
synchronization sequence of eight O’s and a command 
sync. The repeater mode does recogize a command or data 
sync pulse. SD/CDS is an output which reflects the state of 
the most recent sync pulse received, with high indicating a 
command sync and low indicating a data sync. 

When R ST is l ow, the o utputs SDO, DCLK, and NVM are 
low, and SRST is set low. SRST remains low after RST goes 
high and is not reset until a sync pulse and two valid man- 
chester bits are received with the reset bit low. The reset bit 
is the first data bit after the sync pulse. With RST high, NRZ 
Data is transmitted out of Serial Data Out synchronously 
with the IX DCLK. 
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Manchester Code 

Nonreturn to Zero (NRZ) code represents the binary values 
logic-0 and logic-1 with a static level maintained through¬ 
out the data cell. In contrast, Manchester code represents 
data with a level transition in the middle of the data cell. 
Manchester has bandwidth, error detection, and synchroni¬ 
zation advantages over NRZ code. 

The manchester II code Bipolar One and Bipolar Zero 
shown below are logical complements. The direction of the 
transition indicates the binary value of data. A logic-0 in 
Bipolar One is defined as a Low to high transition in the 
middle of the data cell, and a logic-1 as a high to low mid bit 
transition, Manchester II is also known as Biphase-L code. 

The bandwidth of NRZ is from DC to the clock frequency 
fc/2, while that of Manchester is from fc/2 to fc. Thus, 
Manchester can be AC or transformer coupled, which has 
considerable advantages over DC coupling. Also, the ratio 
of maximum to minimum frequency of Manchester extends 
one octave, while the ratio for NRZ is the range of 5-10 
octaves. It is much easier to design a narrow band than a 
wideband amp. 

Secondly, the mid bit transition in each data cell provides 
the code with an effective error detection scheme. If noise 
produces a logic inversion in the data cell such that there is 
no transition, an error indiction Is given, and synchroniza¬ 
tion must be re-established. This places relatively stringent 
requirements on the incomming data. 


The synchronization advantages of using the HD-6409 and 
Manchester code are several fold. One is that Manchester is 
a self clocking code. The clock in serial data communica¬ 
tion defines the position of each data cell. Non self clocking 
codes, as NRZ, often require an extra clock wire or clock 
track (in magnetic recording). Further, there can be a phase 
variation between the clock and data track. Crosstalk 
between the two may be a problem. In Manchester, the 
serial data stream contains both the clock and the data, with 
the position of the mid bit transition representing the clock, 
and the direction of the transition representing data. There 
is no phase variation between the clock and the data. 

A second synchronization advantage Is a result of the 
number of transitions in the data. The decoder 
resynchronizes on each transition, or at least once every 
data cell. In contrast, receivers using NRZ, which does not 
necessarily have transitions, must resynchronize on frame 
bit transitions, which occur far less often, usually on a 
character basis. This more frequent resynchronization 
eliminates the cumulative effect of errors over sucessive 
data cells. A final synchronization advantage concerns the 
HD-6409’s sync pulse used to Initiate synchronization. This 
three bit wide pattern is sufficiently distinct from 
Manchester data that a false start by the receiver is unlikely. 


BIT PERIOD 1 

2 3 4 5 

'ill 

BINARY CODE i 0 

1 

’ : ’ 1 ® 1 ® 1 

NON-RETURN | 

1 1 i ! 

TO ZERO 1 

1 : i i 

1 1 - 

BIPOLAR ONE 1-i 

1 

njn_l_rLri 

1 1 ' 

BIPOLAR ZERO 1—| 

1 

1 
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Crystal Oscillator Mode 



Cl - 32pF 
CO - Crystal * Stray 
XI - AT CUT PARALLEL 
RESONANCE FUND¬ 
AMENTAL MODE 
R$ (TYP) -30n 
R1 - ISM^ 


LC Oscillator Mode 



2 Tt VlC. 
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PARALLEL DATA IN 


PARALLEL DATA OUT 
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Specifications HD-6409 


Absolute Maximum Ratings 

Supply Voltage.+7.0V 

Input, Output or I/O Voltage.GND-0.5V to Vcc+0.5V Ceramic DIP Package. 83°C/W 23°C/W 

Storage Temperature Range.-65°C to+150®C Ceramic LCC Package. 84°C/W 24°C/W 

Junction Temperature...Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s).+300°C CQ^amic DIP Package.602mW 

ESD Classification.Class 1 ceramic LCC Package.595mW 

Gate Count.250 Gates 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any otiier conditions above those indicated in the operational sections of this specification is not implied. 


Reliability Information 

Thermal Resistance. 


Operating Conditions 

Operating Temperature Range.-45°C to +85®C 

Operating Voltage Range.+4.5V to +5.5V 

Input Rise and Fall Times.50ns Max 


Sync. Transition Span (t2).1.5 DBP Typical, (Notes 1,2) 

Short Data Transition Span (t4).0.5DBP Typical, (Notes 1,2) 

Long Data Transition Span (t5).1.0DBP Typical, Notes 1,2) 

Zero Crossing Tolerance (tCD5).(Note 3) 


1. DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock 
Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. 

2. The input conditions specified are nominal values, the actual 
Input waveforms transition spans may vary by ± 2 lx clock 
cycles (16X mode) or ± 6 lx clock cycles (32X mode). 


3. The maximum zero crossing tolerance Is ± 2 lx clock cycles (16X 
mode) or ± 6 lx clock cycles (32 mode) from the nominal. 


DC Eiectricai Specifications Vcc = s.ov ± io%, t^ = - 40 °c to + 85 ° (hd- 6409 - 9 ) 


PARAMETER 


Logical “T Input Voltage 


y/iL Logical “0" Input Voltage 


Logic “1" Input Voltage (Reset) 




Logical “1" Input Voltage (Clock) 


Logical “0" Input Voltage (Clock) 


Input Leakage Current (Except lx) 


Input Leakage Current (lx) 


I/O Leakage current 


Output HIGH Voltage (All except Ox) 


Output LOW Voltage (All except Ox) 


Standby Power Supply Current 


Iccop Operating Power Supply Current 


Functional Test 


(NOTE 1) TEST CONDITIONS 




V|N = VccorGND, Vcc = 5.5V 


VouT^Vccor GND, Vcc = 5.5V 


OH = -2.0mA, Vcc = “^-SV (Note 2) 


loL = +2.0mA, Vcc = ^-SV (Note 2) 


V|N = Vcc or GND, Vcc = 5.5V, 
Outputs Open 


f = 16.0MHz, V,N = Vcc or GND 
Vcc = 5.5V, Cl = 50pF 


(Note 1) 


1. Tested as follows: f = 16MHz, V,h = 70% Vcc, V|l = 20%Vcc, 
VoH ^ Vco/2, and Vql ^ Vcc/2. Vcc = 4.5V and 5.5V. 


2. Interchanging of force and sense conditions is permitted 


Capacitance Ta = +25°C, Frequency = 1MHz 
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AC Electrical Specifications Vcc = s.ov ± io%, = -40®c to +85®c (hd- 6409 - 9 ) 


PARAMETER 


Clock Frequency 


Clock Period 


Bipolar Pulse Width 


One-Zero Overlap 


Clock High Time 


Clock Low Time 


Serial Data Setup Time 


Serial Data Hold Time 


ECLKtoBZO 


Output Rise Time (All except Clock) 


Output Fall Time (All except Clock) 


Clock Output Rise Time 


Clock Output Fall Time 


ECLK to BZO, BOO 


CTS Low to BZO, BOO Enabled 


CTS Low to ECLK Enabled 


CTS High to ECLK Disabled 


CTS High to BZO, BOO Disabled 


(NOTE 1) TEST CONDITIONS 



RST High to DCLK, Enabled 


UDI to BZO, BOO 


NOTES: 

1. AC testing as follows: f = 4.0MHz, V|h = 70% Vcc, V|l = 20%Vcc, 
Speed Select = 16X, Vqh > Vcc/2, Vql ^ Vcc/2, Vcc = 4.5V and 
5.5V, Input rise and fall times driven at 1 ns/V, Output load = 50pF. 

2. Guaranteed via characteristics at initial device design and after 
major process and/or design changes, not tested. 



From 1 .OV to 3.5V, Cl = 50pF, Note 2 


From 3.5V to 1.0V, Cl = 50pF, Note 2 
From 1 .OV to 3.5V, Cl = 20pF, Note 2 


From 3.5V to 1.0V, Cl = 20pF, Note 2 


Notes 2, 3 


3. DBP-Data Bit Period, 
Cycles; Clock Rate = 


Clock Rate = 16X, one DBP = 16 Clock 
32X, one DBP = 32 Clock Cycles. 
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Timing Waveforms 


NOTE: UDI = 0, FOR NEXT DIAGRAMS 


BIT PERIOD 


BIT PERIOD 


BIT PERIOD 
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Timing Waveforms (Continued) 

ENCODER TIMING (Continued) 


DECODER TIMING 



MANCHESTER 

LOGIC-1 


MANCHESTER 

LOGIC-0 


MANCHESTER | MANCHESTER 
LOGIC-0 LOGIC-1 



—^ tCD2 



i 


NOTE: Manchester Data In is not synchronous with Decoder Clock. 

Decoder Clock is synchronous with decoded NRZ out of SDO. 


DCLK, SDO. 
NVM 


5-119 


CMOS DATA 
COMMUNICATIONS 












HD-6409 



Test Load Circuit 
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HARRIS HO-6409/883 


January 1992 


CMOS Manchester Encoder-Decoder 


Features 

• This Circuit is Processed in Accordance to Mil-Std-883 and is Fully 
Conformant Under the Provisions of Paragraph 1.2.1. 

• Converter or Repeater Mode 

• Independent Manchester Encoder and Decoder Operation 

• Static to One Megabit/sec Data Rate Guaranteed 

• Low Bit Error Rate 

• Digital PLL Clock Recovery 

• On Chip Oscillator 

• Low Operating Power: 50mW Typical at +5V 

• Available in 20 Pin Dual-ln-Line and 20 Pad LCC Package 

Description 

The HD-6409/883 Manchester Encoder-Decoder (MED) is a high speed, 
low power device manufactured using self-aligned silicon gate 
technology. The device is intended for use in serial data communication, 
and can be operated in either of two modes. In the converter mode, the 
MED converts Nonreturn-to-Zero code (NRZ) into Manchester code and 
decodes Manchester code into Nonreturn-to-Zero code. For serial data 
communication, Manchester code does not have some of the deficiencies 
inherent in Nonreturn-to-Zero code. For instance, use of the MED on a 
serial line eliminates DC components, provides clock recovery, and gives a 
relatively high degree of noise immunity. Because the MED converts the 
most commonly used code (NRZ) to Manchester code, the advantages of 
using Manchester code are easily realized in a serial data link. 

In the Repeater mode, the MED accepts Manchester code input and recon¬ 
structs it with a recovered clock. This minimizes the effects of noise on a 
serial data link. A digital phase lock loop generates the recovered clock. A 
maximum data rate of 1MHz requires only 50mW of power. 

Manchester code is used in magnetic tape recording and in fiber optic 
communication, and generally is used where data accuracy is imperative. 
Because it frames blocks of data, the HD-6409/883 easily interfaces to 
protocol controllers. 


Pinouts 


HD1-6409/883 (CERAMIC DIP) 
TOP VIEW 


20 | Vcc 
Ti] BOO 
BZO 

Tt] ss 
3 eclk 


CTS 

MS 


HD4-6409/883 (CERAMIC LCC) 
TOP VIEW 



Q o N 818 
3 m m > I m 


SD / CDS _4 
SDO "I 
SRST “e 
~_7 

DCLK *8 



;.i_6 eclk 

[l'5 CTS 
[l'4 MS 


lb; Q o ^ ^ 

Is g ° 


Block Diagram 
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Specifications HD-6409/883 


Absolute Maximum Ratings Reliability Information 

Supply Voltage.+7.0V Thermal Resistance ®ia ®jc 

Input, Output or I/O Voltage Applied. GND-0.5V to VCC+0.5V Ceramic DIP Package. 830C/W 23 OC/W 

Storage Temperature Range.-650C to+150OC Ceramic LCC Package. 840C/W 24 OC/W 

Junction Temperature.+1750C Maximum Package Power Dissipation at +1250C 

Lead Temperature (Soldering 10 sec).+300<^C Ceramic DIP Package. 602mW 

ESD Classification.Class 1 Ceramic LCC Package. 595mW 

Gate Count. 250 Gates 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings"may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Temperature Range.-SS^C to+ 125 OC Sync. Transition Span (t2). 1.5 DBP Typical, (Notes 1,2) 

Operating Voltage Range.+4.5V to +5.5V Short Data Transition Span (t4).0.5 DBP Typical, (Notes 1,2) 

Input Rise and Fall Times.50ns Max Long Data Transition Span (t5). 1.0 DBP Typical, (Notes 1,2) 

Zero Crossing Tolerance (tCD5).(Note 3) 

NOTES: 1. DBP-Data Bit Period, Clock Rate = 16X. one DBP = 16 Clock Cycles; Clock Rate * 32X, one DBP = 32 Clock Cycles. 

2. The input conditions specified are nominal values, the actual input waveforms transition spans may vary by ± 2 lx clock cycles (16X mode) or ± 6 
lx clock cycles (32X mode). 

3. The maximum zero crossing tolerance is ± 2 lx clock cycles (16X mode) or ± 6 lx clock cycles (32 mode) from the nominal. 


TABLE 1. HD-6409/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


PARAMETER 

SYMBOL 

CONDITIONS 

GROUPA 
SUBGROUPS 

TEMPERATURE 

Logic ‘1 ’ Input Voltage 

VIH 

VCC = 4.5V 

1,2,3 

- 550 c <Ta<.+ 1250 c 

Logic ‘0’ Input Voltage 

VIL 

VCC = 4.5V 

1,2,3 

-550C<.Ta<+1250C 

Logic *1 ’ Input Voltage 
(Reset) 

VIHR 

VCC = 5.5V 

1,2,3 

-550C<Ta<+1250C 

Logic ‘0’ Input Voltage 
(Reset) 

VILR 

VCC = 4.5V 

1,2,3 

-550C<Ta<+1250C 

Logic ‘1 ’ Input Voltage 
(Clock) 

VIHC 

VCC = 5.5V 

1,2,3 

- 550 c <Ta<+i 250 c 

Logic ‘0’ Input Voltage 
(Clock) 

VILC 

VCC = 4.5V 

1,2,3 

-550C<Ta<+1250C 

Input Leakage Current 
(Except lx) 

II 

VIN = VCCorGND 

VCC = 5.5V 

1.2,3 

- 550 c <Ta<+1250C 

Input Leakage Current 

dx) 

II 

VIN = VCCorGND 

VCC = 5.5V 

1,2,3 

- 550 c ^Ta<+i 250 c 

I/O Leakage Current 

10 

VOUT = VCC orGND 
VCC = 5.5V 

1,2,3 

-550C<Ta<+1250C 

Output HIGH Voltage 
(All except Ox) 

VOH 

lOH = -2.0mA 

VCC = 4.5V (Note 1) 

1,2,3 

- 55 OC <Ta<+1250C 

Output LOW Voltage 
(All except Ox) 

VOL 

lOL = +2.0mA 

VCC = 4.5V (Note 1) 

1,2,3 

- 550 c ;<Ta<+1 250 c 

Standby Power Supply 
Current 

ICCSB 

VIN = VCC orGND, 

VCC = 5.5V, 

Outputs Open 

1,2,3 

- 550 c <Ta<+1250C 

Operating Power 

Supply Current 

ICCOP 

f = 16.0MH2, 

VIN = VCC orGND 

VCC = 5.5V, CL = 50pF 

1.2,3 

- 550 c <Ta< 4- 1250 c 

Functional Test 

FT 

(Note 2) 

7,8 

-550C<Ta<+1250C 




NOTES: 1. Interchanging of force and sense conditions is permitted. 

2. Tested as follows: f = 16MHz, VIH = 70% VCC, VIL = 20% VCC, VOH > VCC/2, and VOL < VCC/2. VCC = 4.5V and 5.5V. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HD-6409/883 


TABLE 2. HD-6409/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 


PARAMETER 

SYMBOL 

Clock Frequency 

^C 

Clock Period 

tc 

Bipolar Pulse Width 

t1 

One-Zero Overlap 

^3 

Clock High Time 

ICH 

Clock Low Time 

^CL 

Serial Data Setup Time 

mm 

Serial Data Hold Time 

■sail 

DCLKtoSDO, NVM 

tCD2 

ECLKtoB^ 

^R2 


(NOTE1) 

CONDITIONS 


GROUPA 
SUBGROUPS 


TEMPERATURE 


-550C<Ta<+1250C 


-550C<Ta<+ 1250C 1/fc 


-550C<Ta<+ 1250C tQ+10 


-550C<Ta<+1250C 


-550c < Ta < + 1 250c 20 


-550C<Ta<+1250C 

-550C<Ta<+1250C 


-550C<Ta<+1250C 


-550C<Ta<+1250C 


-550c <TA<-f 1250c 


NOTES 1 AC Testing as follows f = 4 OMHz, VIH = 70% VCC, VIL = 20% VCC, Speed Select = 16X, VOH > VCC/2, VOL < VCC/2, VCC = 4 5V and 5.5V. 
Input rise and fall times driven at Ins/V, Output load = 50pF 

TABLE 3. HD-6409/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 



PARAMETER 


Input Capacitance 


I/O Capacitance 


Output Rise Time 
(All except Clock) 


Output Fall Time 
(All except Clock) 



CIN VCC = Open,f = 1MHz 

- All Measurements 

Cl/O are referenced to 

device GND 


TEMPERATURE 


Ta = + 250 C 


Ta = + 250 C 


-550C<Ta<+1250C 


-550C<Ta<+1250C 


-550C<Ta<+1250C 


- 550 c < Ta < + 1250 c 


-550C<Ta<+1250C 0.5 


- 550 c <Ta<+1 250 c 0.5 


-550C<Ta<+1250C 10.5 


-550C<Ta<+1250C 


-550C<Ta<+1250C 2.5 

-550C<Ta<+1250C 05 


-550C<Ta<+1250C 0.5 


-550C<Ta<+1250C 0.5 


-550C<Ta<+1250C 2.5 


NOTES 1. The parameters listed in table 3 are controlled via design or process parameters and are not directly tested. 

2 Guaranteed via characteristics at initial device design and after mapr process and/or design changes 

3 DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock Cycles, Clock Rate = 32X, one DBP = 32 Clock Cycles. 


MAX 




CAUTION. These devices are sensitive to electrostatic discharge Proper I C. handling procedures should be followed 
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Specifications HD-6409/883 


TABLE 4. APPLICABLE SUBGROUPS 
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HD-6409/883 


Metallization Topology 

DIE DIMENSIONS: 

88 X 78 X 19 ±1 mils 
METALLIZATION: 

Type: Silicon - Aluminum 
Thickness: Metal 1: 8kA ± IkA 
Metal 2: 16kA ± IkA 
GLASSIVATION: 

Type: Si 3 N 4 • SjOx 
Thickness: 10kA ± 2kA 
DIE ATTACH: 

Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460OC (Max) 
Ceramic LCC — 420OC (Max) 

WORST CASE CURRENT DENSITY: 

0.8 X 105 A/cm2 


Metallization Mask Layout 


HD-6409/883 


UDI BOI BZi 


BOO 


SD/CDS 


SDO 


SRST 


NVM 


BZO 



ECLK 


CTS 


RST GND CO IX OX 
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HD-6409/883 


Packaging 


20 PIN CERAMIC DIP 




■016* 


LEAD FINISH: Type A 

MATERIALS: Compliant to MIL-M-38510 


.008 * 
.015 


♦ INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER RNISH 

COMPLIANT OUTLINE: MIL-STD-1835, 
GDIP1-T20 


20 PAD CERAMIC LCC 



-T1 


LEAD FINISH: Type A 

MATERIALS: Compliant to MIL-M-38510 


COMPLIANT OUTLINE: MIL-STD-1835, 
COCCI-N20 


NOTE; All Dimensions are. , Dimensions are in inches. 

Max 
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SEMICONDUCTOR 


HD-15530 


January 1992 


CMOS Manchester Encoder-Decoder 


Features 

• Support of MIL-STD-1553 

•Data Rate. 1.25MBit/s 

• Sync Identification and Lock-In 

• Clock Recovery 

• Manchester II Encode, Decode 

• Separate Encode and Decode 

• Low Operating Power .50mW @ 5 Volts 

Description 

The Harris HD-15530 is a high performance CMOS device intended to 
service the requirements of MlL-STD-1553 and similar Manchester II 
encoded, time division multiplexed serial data protocols. This LSI chip is 
divided into two sections, an Encoder and a Decoder. These sections oper¬ 
ate completely independent of each other, except for the Master Reset 
functions. 

This circuit meets many of the requirements of MIL-STD-1553. The 
Encoder produces the sync pulse and the parity bit as well as the encoding 
of the data bits. The Decoder recognizes the sync pulse and identifies it as 
well as decoding the data bits and checking parity. 

This integrated circuit is fully guaranteed to support the 1MHz data rate of 
MIL-STD-1553 over both temperature and voltage. It interfaces with CMOS, 
TTL or N channel support circuitry, and uses a standard 5 volt supply. 

The HD-15530 can also be used in many party line digital data 
communications applications, such as an environmental control system 
driven from a single twisted pair cable of fiber optic cable throughout the 
building. 


Ordering information 


TEMP RANGE 


Pinouts 


PACKAGE 


Ceramic DIP 


-40OCto +850C 


-550Cto+1250C 


-40OCto+85OC 


-550Cto+1250C 


1.25 MEGABIT/S 


HD1-15530-9 


7802901JA 


HD4-15530-9 


zuggKWcTiga 


24 LEAD DIP 

TOP VIEW 


VALID WORD 
ENCODER SHIFT CLK |T 
TAKE DATA (T 
SERIAL DATA OUT [T 
DECODER CLK [T 
BIPOLAR ZERO IN [T 
BIPOLAR ONE IN |T 
UNIPOLAR DATA IN |T 
DECODER SHIFT CLK [T 
COMMAND /DATA SYNC Qo 
DECODER RESET [IT 
GND Rz 


^ Vcc 

2^ ENCODER CLK 
^ SEND CLK IN 
^ SEND DATA 
^ SYNC SELECT 
^ ENCODER ENABLE 
SERIAL DATA IN 
BIPOLAR ONE OUT 
^ OUTPUT INHIBIT 
Ts] BIPOLAR ZERO OUT 
-i- 6 OUT 

13] MASTER RESET 


28 LEAD LCC 
TOP VIEW 


( i4ji3ji2i 

11 i2ft !27| i2d \ 





>;] 

[22 

'aj 

[22 

:ii 

rij 

53 

■'3 

X [i^riar^ 

[ 2 c 

[u 

[fg [Ta rr?! rr^ x 


■2£ SEND DATA 
[24 NC 
[2^ NC 

[22 SYNC SELECT 
[21 ENCODER ENABLE 
[2c SERIAL DATA IN 


Block Diagrams 


GND 

MASTER RESET 

SEND CLK IN 

>- 

6 OUT 



parity! 1 ^ VALID 


ENCODER ENCODER 
SHIFT ENABLE 

CLK 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Pin Description 


PIN 

NUMBER 

TYPE 

NAME 

SECTION 

DESCRIPTION 

1 

O 

VALID WORD 

Decoder 

Output high indicates receipt of a valid word, (valid parity and no Manchester 
errors). 

2 

O 

ENCODER SHIFT 
CLOCK 

Encoder 

Output for shifting data into the Encoder. The Encoder samples SDI on the 
low-to-high transition of Encoder Shift Clock. 

3 

o 

TAKE DATA 

Decoder 

Output is high during receipt of data after identification of a sync pulse and two 
valid Manchester data bits. 

4 

o 

SERIAL DATA OUT 

Decoder 

Delivers received data in correct NRZ format. 

5 

■ 

DECODER CLOCK 

Decoder 

Input drives the transition finder, and the synchronizer which in turn supplies 
the clock to the balance of the decoder, input a frequency equal to 12X the 
data rate. 

6 

■ 

■■Bl 

Decoder 

A high input should be applied when the bus is in its negative state. This pin must 
be held high when the Unipolar input is used. 

7 

■ 

11111111 

Decoder 

A high input should be applied when the bus is in its positive state. This pin must 
be held low when the Unipolar input is used. 

8 

1 

UNIPOLAR DATA IN 

Decoder 

With pin 6 high and pin 7 low, this pin enters unipolar data into the transtition 
finder circuit. If not used this input must be held low. 

9 

o 

DECODER SHIFT 
CLOCK 

Decoder 

Output which delivers a frequency (DECODER CLOCK -r-12), synchronized by the 
recovered serial data stream. 

10 

0 

COMMAND SYNC 

Decoder 

Output of a high from this pin occurs during output of decoded data which was 
preceded by a Command (or Status) synchronizing character. A low output 
indicates a Data synchronizing character. 

11 

' 

DECODER RESET 

Decoder 

A high input to this pin during a rising edge of DECODER SHIFT CLOCK resets 
the decoder bit counting logic to a condition ready for a new word. 

CM 

1 

GROUND 

Both 

Ground Supply pin. 

13 


MASTER RESET 

Both 

A high on this pin clears 2:1 counters in both Encoder and Decoder, and resets the 
•i- 6 circuit. 

14 

o 

4-6 OUT 

Encoder 

Output from 6:1 divider which is driven by the ENCODER CLOCK. 

15 

o 

BIPOLAR ZERO 
OUT 

Encoder 

An active low output designed to drive the zero or negative sense of a bipolar 
line driver. 

16 

' 

OUTPUT INHIBIT 

Encoder 

A low on this pin forces pin 15 and 17 high, the inactive states. 

17 

o 

BIPOLAR ONE OUT 

Encoder 

An active low output designed to drive the one or positive sense of a bipolar 
line driver. 

18 

1 

SERIAL DATA IN 

Encoder 

Accepts a serial data stream at a data rate equal to ENCODER SHIFT CLOCK. 

19 

' 

ENCODER ENABLE 

Encoder 

A high on this pin initiates the encode cycle. (Subject to the preceeding cycle 
being complete.) 

20 

• 

SYNC SELECT 

Encoder 

Actuates a Command sync for an input high and Data sync for an input low. 

21 

o 

SEND DATA 

Encoder 

An active high output which enables the external source of serial data. 

22 

1 

SEND CLOCK IN 

Encoder 

Clock input at a frequency equal to the data rate X2, usually driven by -r- 6 output. 

23 

• 



Input to the 6:1 divider, a frequency equal to the data rate XI2 is usually input here. 

24 

1 

vcc 

Both 

Vqc the +5V power supply pin. A 0.1 mF decoupling capacitor from Vqq (pin 24) 
to GROUND (pin 12) is recommended. 


I = Input O = Output 
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Encoder Operation 

The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which can be utilized to produce the SEND CLOCK by 
dividing the DECODER CLOCK. 

The Encoder’s cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK ©. 
This cycle lasts for one word length or twenty ENCODER 
SHIFT CLOCK periods. At the next low-to-high transition of 
the ENCODER SHIFT CLOCK, a high SYNC SELECT input 
actuates a command sync or a low will produce a data sync 
for the word d). When the Encoder is ready to accept data, 
the SEND DATA output will go high and remain high for 
sixteen ENCODER SHIFT CLOCK periods (D. During these 
sixteen periods the data should be clocked into the SERIAL 
DATA input with every high-to-low transition of the 


ENCODER SHIFT CLOCK so it can be sampled on the low- 
to-high transition (D - After the syn c and Manches ter 11 
coded data are tr ansmitted through the BIPOLAR ONE and 
BIPOLAR ZERO outputs, the Encoder adds on an addi¬ 
tional bit which is the parity for that word (D. If ENCODER 
ENABLE is held high continuously, consecutive words will 
be encoded without an interframe gap. ENCODER ENABLE 
must go low by time (D as shown to prevent a co nsecutive 
word fro m being encoded. At any time a low on OUTPUT 
INHIBIT input will force both bipolar outputs to a high state 
but will not affect the Encoder in any other way. 

To abort the Encoder transmission a positive pulse must be 
applied at MASTER RESET. Anytime after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and initializes the Encoder for a new word. 


TIMING 


0 I 1 I ? 


SEND CLOCK AjmjiJxnjiimRrLnj^^ 


I 15 I 16 I 17 I 18 I 19 I I I 


SYNC SELECT m\\\ivALiDK\\\\\\m\\\\^^ 


SEND DATA 




SERIAL DATA IN 


BIPOLAR ONE OUT 


BIPOLAR ZERO OUT 


I I » I » I ” |~^'l M H 0 I 

[iST HALfI zND half ] 15 -r~rr73i-i7-rTrf; ^-rrrrrr<ri~T 
i SYNC I SYNC ~| 15 [ 14 [ 13 [ lT 

Ci)(i) ^ 
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Decoder Operation 

The Decoder requires a single clock with a frequency of 12 
times the desired data rate applied at the DECODER 
CLOCK input. The Manchester li coded data can be 
presented to the Decoder in one of two ways. The BIPOLAR 
ONE and BIPOLAR ZERO inputs will accept data from a 
comparator sensed transformer coupled bus as specified in 
Military Spec 1553. The UNIPOLAR DATA input can only 
accept non-inverted Manchester II coded data. (e.g. from 
BIPOLAR ONE OUT of an Encoder through an inverter to 
Unipolar Data Input). 

The Decoder is free running and continuously monitors Its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is rec ognized 0, the type of sync is indicated on 
COMMAND/DATA SYNC output. If the sync character was 
a command sync, this output will go high d) and remain 
high for sixten DECODER SHIFT CLOCK periods (3), other¬ 
wise it will remain low. The TAKE DATA output will go high 
and remain high d) - (3) while the Decoder is transmitting 
the decoded data through SERIAL DATA OUT. The 


decoded data available at SERIAL DATA OUT is in NRZ 
format. The DECODER SHIFT CLOCK is provided so that 
the decoded bits can be shifted Into an external register on 
every low-to-high transition of this clock d) - (D. Note that 
DECODER SHIFT CLOCK may adjust its phase up until the 
time that TAKE DATA goes high. 

After all sixteen decoded bits have been transmitted (3) 
the data is checked for odd parity. A high on VALID WORD 
output 0 indicates a successful reception of a word without 
any Manchester or parity errors. At this time the Decoder is 
looking for a new sync character to start another output 
sequence. VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high If not 
reset low sooner by a valid sync and two valid Manchester 
bits as shown 0. 

At any time in the above sequence a high input on 
DECODER RESET during a low-to-high transition of 
DECODER SHIFT CLOCK will abort transmission and ini¬ 
tialize the Decoder to start looking for a new sync character. 


TIMING 

DECODER 
SHIFT CLOCK 


BIPOLAR ONE IN 
BIPOLAR ZERO IN 

TAKE DATA 

COMMAND/DATA SYNC 


|lST HALf [2NDH^Lf| 15 { 14 

[~F\Tic~| SYNC |~i5~r~iT 


,Lj?_Lji_J_L’_LjyJ 
T »T 12 r tTT 1° T ( 


frTTi~T°~T~p~1 


SERIAL DATA OUT 


,5 I .4 I .3 I 12 || j j 4 | 3 | 2 j J | 0. j 


VALID WORD vS SS(FROM PREVIOUS RECEPTIONiCSSS 
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How to Make Our MTU Look Like a Manchester Encoded UART 



74LS164^ 


i I I I I I I I III 

PARALLEL OUT 


Typical Timing Diagrams for a Manchester Encoded UART 

ENCODER TIMING 


SYNC SELECT 

PARALLEL IN 

BIPOLAR ONE OUT 

BIPOLAR ZERO OUT 




LSB PARITY 


BIPOLAR ONE IN 

BIPOLAR ZERO IN 


COMMAND SYNC _ 

PARALLEL OUT VALID 


VALID WORD FROM 1 

PREVIOUS RECEPTION ^ 


DECODER TIMING 


lsbil parity 
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M/L-STD-7553 

The 1553 standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer 
coupling and excellent isolation among systems and their 
environment. 

The HD-15530 supports the full bipolar configuration, as¬ 
suming a bus driver configuration similar to that in Figure 1. 
Bipolar inputs from the bus, like Figure 2, are also 
accomodated. 


Words. Terminals respond with Status Words. Each word is 
preceded by a synchronizing pulse, and followed by parity 
bit, occupying a total of 20fisec. The word formats are 
shown in Figure 4. The special abbreviations are as follows: 
P Parity, which is defined to be odd, taken across all 
17 bits. 

R/T Receive on logical zero, transmit on ONE. 

ME Message Error if logical 1. 

TF Terminal Flat, if set, calls for controller to request 
self-test data. 


The signaling format in MIL-STD-1553 is specified on the The paragraphs above are intended only to suggest the 
assumption that the network of 32 or fewer terminals are content of MIL-STD-1553, and do not completely describe 
controlled by a central control unit by means of Command its bus requirements, timing or protocols. 




FIGURE 1. SIMPLIFIED MIL-STD-1553 DRIVER 


FIGURE 2. SIMPLIFIED MIL-STD-1553 RECEIVER 


COMMAND 

SYNC 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 


^ bit BIT . , BIT _J 
PERIOD PERIOD I PERIOD| 


COMMAND WORD (FROM CONTROLLER TO TERMINAL) 


SYNC I terminal I SUBADDRESS DATA WORD Ip I 
I ADDRESS /MODE ' COUNT I I 

DATA WORD (SENT EITHER DIRECTION) 

I- - 16 1 

SYNC I DATA WORD P I 


LOGICAL ONE DATA -- 


LOGICAL ZERO DATA-- 


STATUS WORD (FROM TERMINAL TO CONTROLLER) 


1- 5 

“ 

9 

1 1 

sync terminal 

1 

CODE FOR FAILURE MODES | 

TF P 

' ADDRESS 

1 

MC 




FIGURE 3. MIL-STD-1553 CHARACTER FORMATS 


FIGURE 4. MIL-STD-1553 WORD FORMATS 


NOTE: This page is a summary of MIL-STD-1553 and is not intended to describe the operation of the HD-15530. 
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Absolute Maximum Ratings 


Supply Voltage...+7.0V 

Input, Output or I/O Voltage Applied .GND-0.3V to Vqq+0.3 

Storage Temperature Range.-650C to+1 SO^C 

Junction Temperature.+1750C 

Lead Temperature (Soldering 10 sec).+300^0 

ESD Classification.Class 1 


Reliability Information 

Thermal Resistance ®ia ®jc 

Ceramic DIP Package. 50.4OC/W 11.70C/W 

Ceramic LCC Package. 71.1OQ/W 16.80C/W 

Maximum Package Power Dissipation at +1250C 

Ceramic DIP Package. 992mW 

Ceramic LCC Package. 703mW 

Gate Count. 456 Gates 


CAUTION: Stresses above those listed m ‘‘Absolute Maximum Ratings’’may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Supply Voltage.+4.5Vto +5.5V 

Temperature Range (T/\) 

HD-15530-9 .-40OCto+85OC 

HD-15530-8 .-55OC to+1250C 

Encoder/Decoder Clock Rise Time.8ns Max 

Encoder/Decoder Clock Fall Time.8ns Max 


Sync Transition Span {TD2).18 TDC Typical (Motel) 

Short Data Transition Span (TD4). 6 TDC Typical (Motel) 

Long Data Transition Span (TD5).12 TDC Typical (Motel) 


DC Electrical Specifications Vcc = 5V ± 10%, t^ = -4ooc to +850c (HD-15530-9) 

Ta = -550c to +I25OC (HD-15530-8j 


SYMBOL 

PARAMETER 

LIMITS 

UNITS 

TEST CONDITIONS 

MIN 

MAX 

V|L 

Input LOW Voltage 

- 

0*2 Vcc 

V 

Vcc = 4.5V and 5.5V 

V|H 

Input HIGH Voltage 

0.7 Vcc 

- 

V 

Vcc = 4.5V and 5.5V 

VILC 

Input LOW Clock Voltage 

- 

GND +0.5 

V 

Vcc = 4.5V and 5.5V 

V|HC 

Input HIGH Clock Voltage 

Vcc-0-5 

- 

V 

Vcc = 4.5V and 5.5V 

Vql 

Output LOW Voltage 

- 

0.4 

V 

lOL = 1 -SniA (Note 2), Vcc = 4.5V 

Vqh 

Output HIGH Voltage 

2.4 

- 

V 

Iqh = -3mA (Note 2), Vcc = 4.5V 

i| 

Input Leakage Current 

-1.0 

+1.0 

pA 

V| = GND or Vcc. VcC = 5.5V 

•CCSB 

Standby Supply Current 

- 

2 

mA 

V|N = Vcc = 5.5V Output Open 

•CCOP 

Operating Power Supply 

Current 

- 

10 

mA 

Vcc = 5.5V, V|N = Vcc. ^ = 1 SMHz, 
Outputs Open 

Ft 

Function Test 

- 

- 

- 

(Notes) 


NOTES: 

1. TDC = Decoder clock period = 1/FDC 

2. Interchanging of force and sense conditions is permitted. 

3. Tested as follows: = f = 15MHz, V|h = 70% Mqq. V|l = 20% Vcc. 
Cl = 50pF, Vqh > 1 -SV and Vql < 1 -SV. 


Capacitance Ta = +25OC; Frequency = 1MHz 


SYMBOL 

PARAMETER 

TYPICAL 

UNITS 

CONDITIONS 

C|N 

Input Capacitance 

15 

PF 

All measurements are referenced 
to device GND 

Co 

Output Capacitance 

15 

PF 


































































































HD-15530 


AC Electrical Specifications Vcc = 5V ± io%, = -40°c to +85°c (HD- 15530 - 9 ) 

Ta = -55®C to +125°C (HD-15530-8) 



NOTES: 

1. TDC = Decoder clock period = 1/FDC 

2. AC Testing as follows: Input levels: V|h = 70% Vcc. V|l = 20% 
Vccl Input rise/fall times driven at 1 ns/V; Timing Reference 
levels: 1.5V; Output load: Cl = 50pF. 
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Timing Waveforms (Continued) 

DECODER TIMING (Continued) 


h 


NOTE- UNIPOLAR IN = 0. FOR NEXT DIAGRAMS 
-BIT PERIOD--BIT PERIOD - 


BIPOLAR ONE IN 


- TD2- 


BIPOLAR ZERO IN 


-Td3 


-H 


^->V//////////////////////A 

,-j- Tjj2- 


COMMAND SYNC 


BIPOLAR ONE IN 


-TD2- 


BIPOLAR ZERO IN \^^Dy* V////Z/////////yy//777A 


U^i yf///777Z/y7/777777y777/7A 

■■*■03 : " -H r*-TD3 


-Td2- 


BIPOLAR ONE IN 

D1 -:^ZZZZL 


-Td 3 - H h»-TD3 _ ^ -»-Td3 

BIPOLAR ZERO IN “]_ \^- ^/////////////X _ 


U^y- V////////77777A 


- Td4 — 


-Td5 - 


. — Td3 I— -Td3 


■4-* -Td4- 


UNIPOLAR IN 


UNIPOLAR IN 


NOTE BIPOLAR ONE IN = 0, BIPOLAR ZERO IN = 1, FOR NEXT DIAGRAMS [ 

' i— to; J v//////7A 


-Td2- 

COMMAND SYNC 
- Td2- 


-Td2 - 


■ Y///////A 


DATA SYNC 


UNIPOLAR IN 


- Tps- 


- Td5- 


Td4- 


-TD4 —' 
ONE 


Test Load Circuit i AC Testing input, Output Waveform 

OUTPUT 

Vqh 

- VoL 

‘Includes stray and jig capacitance I AC /Testing: All Input signals must switch between V|l and V|h. Input 

rise and fall times are driven at 1ns per volt. 
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Burn-In Circuits 


NOTES 

Vcc = 5 5V ± 0 5V 
V|H = 4 5V ± 10% 
V||_ = -0 2V to +0 4V 
R1 = 47Kn ± 5% 

FO = 100kHz ± 10% 
Cl = 0 01|iF Min 


HD1-15530 CERAMIC DIP 




• GND 

-Vcc 

• FO 

A 

GND 

• Vcc 

. GND 

- Vcc 


NOTES 

Vcc = 5 5V ± 0 5V 
V|H = 4.5V ± 10% 
V|L = -0 2V to +0 4V 
R2 = 1 8Kn ± 5% 

FO =lOOKHz ±10% 
Cl = OOiaF Min 


HD4-15530 CERAMIC LCC 
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Metallization Topology 

DIE DIMENSIONS: 

155 x195 x19±1 mils 
METALLIZATION: 

Type: Si-AI 

Thickness: 11kA ± 2kA 
GLASSIVATION: 

Type: Si02 
Thickness: 8kA ± 1 kA 


DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460OC (Max) 
Ceramic LCC — 420OC (Max) 

WORST CASE CURRENT DENSITY: 

1.8 X 105A/cm2 

LEAD TEMPERATURE (10 seconds soldering): 
<2750C 


Metallization Mask Layout 


HD-15530 


ENCODER VALID 

SHIFT CLK WORD Vcc 


ENCODER CLK 


SEND CLK IN 


SERIAL DATA OUT 


DECODER CLK 


BIPOLAR ZERO IN 
BIPOLAR ONE IN 


UNIPOLAR DATA IN 


DECODER SHIFT CLK 


COMMAND/DATA SYNC 



DECODER RESET GND MASTER 
RESET 
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SEMICONDUCTOR 


HD-15531 


January 1992 


CMOS Manchester Encoder-Decoder 


Features 

• Support of MIL-STD-1553 

• Data Rate (15531B).2.5 Megabit/Sec 

• Data Rate (15531). 1.25 Megabit/Sec 

• Variable Frame Length to 32-Bits 

• Sync Identification and Lock-In 

• Separate Manchester II Encode, Decode 

• Low Operating Power.50mW @ 5 Volts 

Ordering Information 

PACKAGE TEMP. RANGE 11.25MBITySEC | 2.5MBIT/SEC~ 

Plastic DIP -40°Cto+85°C - HD3-15531B-9 


1.25MBITySEC 

2.5MBIT/SEC 

- 

HD3-15531B-9 

HD1-15531-9 

HD1-15531B-9 

HD1-15531-8 

HD1-15531B-8 

HD1-15531/ 

883 

HD1-15531B/ 

883 


•Respective /883 specifications are included at the end of this 
datasheet 


Description 

The Harris HD-15531 is a high performance CMOS device 
intended to service the requirements of MIL-STD-1553 and 
similar Manchester II encoded, time division multiplexed 
serial data protocols. This LSI chip is divided into two sec¬ 
tions, an Encoder and a Decoder. These sections operate 
independently of each other, except for the master reset and 
word length functions. This circuit provides many of the 
requirements of MIL-STD-1553. The Encoder produces the 
sync pulse and the parity bit as well as the encoding of the 
data bits. The Decoder recognizes the sync pulse and identi¬ 
fies it as well as decoding the data bits and checking parity. 

The HD-15531 also surpasses the requirements of MIL- 
STD-1553 by allowing the word length to be programmable 
(from 2 to 28 data bits). A frame consists of three bits for 
sync followed by the data word (2 to 28 data bits) followed by 
one bit of parity, thus the frame length will vary from 6 to 32 
bit periods. This chip also allows selection of either even or 
odd parity for the Encoder and Decoder separately. 

This integrated circuit is fully guaranteed to support the 
IMHz data rate of MIL-STD-1553 over both temperature and 
voltage. For high speed applications the 15531B will support 
a 2.5 Megabit/sec data rate. 

The HD-15531 can also be used in many party line digital 
data communications applications, such as a local area 
network or an environmental control system driven from a 
single twisted pair of fiber optic cable throughout a building. 


Pinout 


40 LEAD DIP 
TOP VIEW 


vaudworoLI 

TAKE DATA' \± 
TAKE DATA [± 
SERIAL DATA OUT [£ 
SYNCHR DATA [T 
SYNCHR DATASEl[T 
SYNCHR CLK U 
DECODER CLK [£ 
SYNCHR CLKSEL[io 
BIPOLAR ZERO IN [jl 
BIPOLAR ONE IN Ql 
UNIPOLAR DATA IN Qa 
DECODER SHIFT CLK Qf 
TRANSITION SEL El 

ncEI 

COMMAND SYNC OZ 
DECODER PARITY SEL QI 
DECODER RESET Ql 
COUNT Co 


40] COUNT Cl 
3^ COUNT C 4 
^ DATA SYNC 
^ ENCODER CLK 
^ COUNT C 3 
^ NC 

3^ ENCODER SHIFT CLK 
^ SEND CLK IN 
32 ] SEND DATA 
^ ENCODER PARITY SEL 
^ SYNC SEL 
^ ENCODER ENABLE 
^ SERIAL DATA IN 
i| BIPOLAR ONE Oiif 
^ OUTPUT INHIBIT 
25 ] BIPOLAR ZERO OUf 
13 +60UT 
^ COUNT2 
^ MASTER RESET 
iU GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1991 c -i on 
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Block Diagrams 

ENCODER 


GND _ 

MASTER RESET 


-- 

V SEND CLK IN 

r 


✓-' 

+ 6 OUT 

r" 

u 

_L 




r" 

CHARACTER 

FORMER 


ENCODER 

CLK 


BIPOLAR 
ONE OUT 

25 w BIPOLAR 

2 eroouT 


BIT 

COUNTER 


“Jin “An “A 

Cq Cl C2 C3 C4 


28 29 30 31 


ENCODER ENCODER ENCODER 

SHIFT ENABLE PARITY 
CLK SELECT 


SYNCHRONOUS s7 
DATA SELECT 

UNIPOLAR V 13 f —.. 1- 

DATAIN 

BIPOLAR V 12 TRANSITION _ 
ONE IN RNDER 

BIPOLAR V 11 

ONE IN ..... ■Mil L. 


DECODER ^ 
CLK- 


DECODER >i2J 
CLK SELECT > 

SYNCHRONOUS v 8 
CLK-^^ 
SYNCHRONOUS v 10 
CLK SELECT 
MASTER s,22 
RESET 


I SYNCHRONIZER | 


_«✓ SYNCHRONOUS 
DATA 


CHARACTER IlL 
IDENTIFIER 


_j”‘ 




BIT 

RATE 

CLK 

H 

PARITY 

CHECK 


TAKE DATA 
COMMAND SYNC 

DATA SYNC 

. SERIAL 
DATA OUT 


DECODER 
SHIFT CLK 


DECODER N, 19 I 
RESET 


BIT 

COUNTER 


nnnnn 

Co Cl C2 C3 C4 
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Pin Description HD-15531 


PIN 

NUMBER 

TYPE 

NAME 

SECTION 

DESCRIPTION 

H 


vcc 

Both 

Positive supply pin. A 0.1 |iF decoupling capacitor from Vqq (pin 1) to GROUND 
(pin 21) is recommended. 


0 

VALID WORD 

Decoder 

Output high indicates receipt of a valid word, (valid parity and no Manchester errors). 

H 

O 

TAKE DATA’ 

Decoder 

A continuous, free running signal provided for host timing or data handling. When 
data is present on the bus, this signal will be synchronized to the incoming data and 
will be identical to take data. 

D 

o 

TAKE DATA 

Decoder 

Output Is high during receipt of data after identification of a valid sync pulse and two 
valid Manchester bits. 

5 

0 

SERIAL DATA OUT 

Decoder 

Delivers received data In correct NRZ format. 

6 

1 

SYNCHRONOUS 

Decoder 

Input presents Manchester data directly to character identification logic. 



DATA 


SYNCHRONOUS DATA SELECT must be held high to use this input. If not used this 
pin must be held high. 

7 

1 

SYNCHRONOUS 

Decoder 

In high state allows the synchronous data to enter the character identification logic. 



DATA SELECT 


Tie this input low for asynchronous data. 

8 

1 

SYNCHRONOUS 

Decoder 

Input provides externally synchronized clock to the decoder, for use when 



CLOCK 


receiving synchronous data. This input must be tied high when not in use. 

9 

1 

DECODER 

Decoder 

Input drives the transition finder, and the synchronizer which in turn supplies the 



CLOCK 


clock to the balance of the decoder. Input a frequency equal to 12X the data rate. 

10 

1 

SYNCHRONOUS 

Decoder 

In high state directs the SYNCHRONOUS CLOCK to control the decoder character 



CLOCK SELCT 


identification logic. A low state selects the DECODER CLOCK. 

11 

1 

BIPOLAR ZERO IN 

Decoder 

A high input should be applied when the bus is in its negative state. This pin must be 
held high when the unipolar Input is used. 

12 

1 

BIPOLAR ONE IN 

Decoder 

A high input should be applied when the bus Is in its positive state. This pin must be 
held low when the unipolar input is used. 

13 

1 

UNIPOLAR 

Decoder 

With pin 11 high and pin 12 low, this pin enters unipolar data into the transition finder 



DATA IN 


circuit. If not used this Input must be held low. 

14 

o 

DECODER SHIFT 

Decoder 

Output which delivers a frequency (DECODER CLOCK -i-12), synchronous by the 



CLOCK 


recovered serial data sfream. 

15 

1 

TRANSITION 

Decoder 

A high Input to this pin causes the transition finder to synchronize on every transition 



SELECT 


of input data. A low Input causes the transition finder to synchronize only on 
mid-bit transitions. 

16 


N.C. 

Blank 

Not connected. 

17 

o 

COMMAND SYNC 

i 

Decoder 

Output of a high from this pin occurs during output of decoded data which was 
preceded by a Command (or Status) synchronizing character. 

18 

■■ 

DECODER 1 

Decoder 

An input for parity sense, calling for even parity with input high and odd parity with 


■ 

PARITY SELECT 


input low. 

19 

■ 

DECODER RESET 

Decoder 

A high input to this pin during a rising edge of DECODER SHIFT CLOCK resets the 
decoder bit counting logic to a condition ready for a new word. 

20 

o 

COUNT CO 

Both 

One of five binary inputs which establish the total bit count to be encoded or decoded. 

21 


GROUND 

Both 

Supply pin. 

22 

■ 

MASTER RESET 

Both 

A high on this pin clears 2:1 counters in both encoder and decoder, and resets 
the -J- 6 circuit. 

23 

■I 

COUNT C2 

Both 

See pin 20. 

24 

0 

^ 6 OUT 

Encoder 

Output from 6:1 divider which is driven by the ENCODER CLOCK. 

25 

o 

BIPOLAR ZERO 

Encoder 

An active low output designed to drive the zero or negative sense of a bipolar line 



OUT 


driver. 

26 

I 

OUTPUT INHIBIT 

Encoder 

A low on this pin forces pin 25 and 27 high, the inactive states. 

27 

o 

BIPOLAR ONE 

Encoder 

An active low output designed to drive the one or positive sense of a bipolar line 



OUT 


driver. 

28 

■■ 

SERIAL DATA IN 

Encoder 

Accepts a serial data stream at a data rate equal to ENCODER SHIFT CLOCK. 

29 

n 

ENCODER 

Encoder 

A high on this pin initiates the encode cycle. (Subject to the preceding cycle being 


■ 

ENABLE 


complete.) 

30 

B 

SYNC SELECT 

Encoder 

Actuates a Command sync for an input high and Data sync for an input low. 

31 

u 

ENCODER 

PARITY SELECT 

Encoder 

Sets transmit parity odd for a high input, even for a low input. 

32 

0 

SEND DATA 

Encoder 

Is an active high output which enables the external source of serial data. 

33 

1 

SEND CLOCK IN 

Encoder 

Clock input at a frequency equal to the data rate X2, usually driven by 6 output. 

34 

0 

ENCODER SHIFT 

Encoder 

Output for shifting data into the Encoder. The Encoder samples SDI pin-28 on the 



CLOCK 


low-to-high transition of ESC. 

35 


N.C. 

Blank 

Not connected. 

36 

1 

COUNT C3 

Both 

See pin 20. 

37 

1 

ENCODER CLOCK 

Encoder 

Input to the 6:1 divider, a frequency equal to 12 times the data rate is usually input here. 

38 

o 

DATASYNC 

Decoder 

Output of a high from this pin occurs during output of decoded data which was 
preceded by a data synchronizing character. 

39 

1 

COUNT C4 

Both 

See pin 20. 

40 

1 

COUNT Cl 

Both 

See pin 20. 


I = Input O = Output 
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Encoder Operation 

The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which can be utilized to produce the SEND CLOCK by 
dividing the DECODER CLOCK. The frame length is set by 
programming the COUNT inputs. Parity is selected by 
programming ENCODER PARITY SELECT high for odd 
parity or low for even parity. 

The Encoder’s cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK ®. 
This cycle lasts for one word length or K + 4 ENCODER 
SHIFT CLOCK periods, where K is the number of bits to be 
sent. At the next low-to-high transition of the ENCODER 
SHIFT CLOCK, a high SYNC SELECT input actuates a 
Command sync or a low will produce a Data sync for the 
word (D. When the Encoder is ready to accept data, the 
SEND DATA output will go high for K ENCODER SHIFT 
CLOCK periods @. During these K periods the data should 


be clocked into the SERIAL DATA input with every high-to- 
low transition of the ENCODER SHIFT CLOCK @ @ so it 
can be sampled on the low-to-high transition. After the sync 
and Manchester 11 e ncoded data are tr ansmitted through the 
BIPOLAR ONE and BIPOLAR ZERO outputs, the Encoder 
adds on an additional bit with the parity for that word ®. If 
ENCODER ENABLE Is held high continuously, consecutive 
words will be encoded without an Interframe gap. 
ENCODER ENABLE must go low by time ® (as shown) to 
prevent a consecutive word from being encoded. At any time 
a low on OUTPUT INHIBIT input will force both bipolar out¬ 
puts to a high state but will not affect the Encoder in any 
other way. 

To abort the Encoder transmission a positive pulse must be 
applied at MASTER RESET. Any time after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and Initializes the Encoder for a new word. 


0 1 2 3 4 5 6 7 


N-4 N-3 N-2 N-1 N 


ENCODER SHIFT CLOCK 


,[ifumnmirLrLrLJin^ 

nJT-TLTLTLnxu 


MSB BITK-1BITK-2 BITK-3 BITK-4 BITK-5 BIT 4 BIT 3 BIT 2 BIT 1 


1ST HALF 2ND HALF MSB BIT K-1 BIT K-2 BIT K-3 BIT K-4 BIT 4 BIT 3 BIT 2 BIT 1 PARITVl 


SYNC SYNC MSB BIT K-1 BIT K-2 BIT K-3 BITK-4 I BIT 4 BIT 3 BIT 2 BIT 1 PARITVi 
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Decoder Operation 

To operate the Decoder asynchronously requires a single 
clock with a frequency of 12 times the desired data rate 
applied at the DECODER CLOCK input. To operate the 
Decoder synchronously requires a SYNCHRONOUS 
CLOCK at a frequency 2 times the data rate which is syn¬ 
chronized with the data at every high-to-low transition 
applied to the SYNCHRONOUS CLK input. The Manchester 
ii coded data can be presented to the Decoder asynchro¬ 
nously In one of two ways. The BIPOLAR ONE and 
BIPOLAR ZERO Inputs will accept data from a comparator 
sensed transformer coupled bus as specified in Military 
Spec 1553. The UNIPOLAR DATA Input can o nly accept 
noninverted Manchester 11 coded data. (e.g. from BIPOLAR 
ONE OUT on an Encoder through an Inverter to Unipolar 
Data Input). 

The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized ©. the type of sync is indicated by a high 
level at either COMMAND SYNC or DATA SYNC output. If 
the sync character was a command sync the COMMAND 
SYNC output will^ high (D and remain high for K SHIFT 
CLOCK periods (S), where K is the number of bits to be 
received. If the sync character was a data sync the DATA 
SYNC output will go high. The TAKE DATA output will go 


high and remain high @ - ® while the Decoder is transmit¬ 
ting the decoded data through SERIAL DATA OUT. The 
decoded data available at SERIAL DATA OUT Is in NRZ 
format. The DECODER SHIFT CLOCK is provided so that 
the decoded bits can get shifted into an external register on 
every low-to-high transition of this clock @ - (D. Note that 
DECODER SHIFT CLOCK may adjust its phase up until the 
time that TAKE DATA goes high. 

After all K decoded bits have been transmitted (§) the data is 
checked for parity. A high input on DECODER PARITY 
SELECT will set the Decoder to check for even parity or a 
low input will set the Decoder to check for odd parity. A high 
on VALID WORD output ® Indicates a successful reception 
of a word without any Manchester or parity errors. At this 
time the Decoder is looking for a new sync character to start 
another output sequence. VALID WORD will go low approx¬ 
imately K + 4 DECODER SHIFT CLOCK periods after it 
goes high If not reset low sooner by a valid sync and two 
valid Manchester bits as shown ®. 

At any time in the above sequence a high Input on 
DECODER RESET during a low-to-high transition of 
DECODER SHIFT CLOCK will abort transmission and ini¬ 
tialize the Decoder to start looking for a new sync character. 


SYNCHRONOUS CLOCK 


DECODER SHIFT CLOCK 


BIPOLAR ONE IN 


I I “ I ’ I n H " I * I ' I ’ I “ I I N-3 I -.2 I N-1 I N I I I I 

iRRjuwLRjiTLj^^ mnnrLnjinjirumjuw 

rT~n~n"n'~n"n n n n r njnjnLJiJ“iJi_rLn 

I 1ST HALF I 2ND HALF [ MSB [bIT K-i|bIT K-2|biT K~3|bIT K-4jBIT K-s] ^ SIT 3 BIT 2 BIT 1 JpaRITy|_ 


BIPOLAR ZERO IN _ ^ SYNC | SYNC | MSB ]|b7t K-iJbIT K-^\J K-3[bIT K-^BIT K-^ H BIT 3 J BIT 2 J BIT 1 ]pARIT^ 


I 


1 ^ 
-f h 


COMMAND SYNC 


SERIAL DATA OUT 


i F- 



BIT5 BIT 4 BIT 3 


I BIT2 I E 


VALID WORD (M^Y BE HIGH FRa« PRE^O^RECEPTION)L_ 
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How to Make Our MTU Look Like a Manchester Encoded UART 


VAUD WORD 







Typical Timing Diagrams for a Manchester Encoded UART 

ENCODER TIMING 


BIPOLAR ONE OUT 

BIPOLAR ZERO OUT 



DECODER TIMING 


COMMAND SYNC 

PARALLEL OUT 
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MIL-STD-1553 

The 1553 standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer 
coupling and excellent isolation among systems and their 
environment. 

The HD-15531 supports the full bipolar configuration, 
assuming a bus driver configuration similar to that in 
Figure 1. Bipolar inputs from the bus, like Figure 2, are also 
accommodated. 

The signaling format in MIL-STD-1553 is specified on the 
assumption that the network of 32 or fewer terminals are 
controlled by a central control unit by means of Command 
Words, and Data. Terminals respond with Status Words, and 
Data. Each word is preceded by a synchronizing pulse, and 


followed by parity bit, occupying a total of 20|i sec. The word 
formats are shown in Figure 4. The special abbreviations are 
as follows: 

P Parity, which is defined to be odd, taken across all 17 
bits. 

R/T Receive on logical zero, transmit on ONE. 

ME Message Error if logical 1. 

TF Terminal Flag, if set, calls for controller to request self¬ 
test data. 

The paragraphs above are intended only to suggest the 
content of MIL-STD-1553, and do not completely describe 
Its bus requirements, timing or protocols. 



FIGURE 1. SIMPLIFIED MIL-STD-1553 DRIVER 


FIGURE 2. SIMPLIFIED MIL-STD-1553 RECEIVER 


COMMAND 

SYNC 


012 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 


COMMAND WORD (FROM CONTROLLER TO TERMINAL) 


^ bit \ BIT I, BIT _J 
PERIOD I PERIOD rPERIOD| 


SYNC terminal I SUBADDRESS DATA WORD Ip I 
I ADDRESS l^^l /MODE ' COUNT I I 

DATA WORD (SENT EITHER DIRECTION) 

I- - 16 1 

SYNC I DATA WORD P I 


LOGICAL ONE DATA 


LOGICAL ZERO DATA-- 


STATUS WORD (FROM TERMINAL TO CONTROLLER) 


'=t= 

5 

1 

9 


1 

SYNC 

TERMINAL 

ADDRESS 

AAC 

CODE FOR FAILURE MODES 

TF 

P 


FIGURE 3. MIL-STD-1553 CHARACTER FORMATS 


FIGURE 4. MIL-STD-1553 WORD FORMATS 


NOTE: This page is a summary of MIL-STD-1553 and is not intended to describe the operation of the HD-15531. 
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Specifications HD-15531 


Absolute Maximum Ratings Reliability Information 

Supply Voltage.+7.0V Thermal Resistance. 0ja 0,c 

Input, Output or I/O Voltage. GND-0.5V to Vcc+0.5V Ceramic DIP Package. 34.8°C/W 7.9°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125®C 

Junction Temperature.+175®C Ceramic DIP Package.1.44W 

Lead Temperature (Soldering 10s).+300°C Gate Count.250 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Supply Voltage.+4.5Vto+5.5V Sync. Transition Span (TD2).18 TDC Typical, (Note 1) 

Operating Temperature Range (T^) Short Data Transition Span (TD4).6 TDC Typical, (Note 1) 

HD-15531-9 .-40°C to +85°C Long Data Transition Span (TD5).12 TDC Typical, (Note 1) 

HD-15531-8 .-55°Cto+125°C 

Encoder/Decoder Clock Rise Time (TECR, TDCR).8ns Max 

Encoder/Decoder Clock Fall Time (TECF, TDCF).8ns Max 


DC Electrical Specifications Vcc = s.ov ± io%, Ta = -40°c to +85° (hd-15531-9) 

Ta = -55°C to +125° (HD-15531-8) 


SYMBOL 


V|L 


V,H 


PARAMETER 


Input LOW Voltage 


Input HIGH Voltage 


Input LOW Clock Voltage 


Input HIGH Clock Voltage 


Output LOW Voltage 


Output HIGH Voltage 


Input Leakage Current 


ccsB Standby Supply Current 


ICCOP Operating Power Supply Current 



Functional Test 


NOTES: 

1. TDC = Decoder clock period = 1/FDC 

2. Interchanging of force and sense conditions is permitted. 



TEST CONDITIONS 


Vcc = 4.5V and 5.5V 


Vcc = 4.5V and 5.5V 


Vcc = 4.5V and 5.5V 


Vcc = 4.5V and 5.5V 


OL = +1.8mA, Vcc = 4.5V (Note 2) 


loH = -3.0mA, Vcc = 4.5V (Note 2) 


V| = Vcc or GND, Vcc = 5.5V 


V|N = Vcc = 5.5V, 
Outputs Open 


V,N = Vcc = 5.5V. f= 15MHz, 
Outputs Open 


3. Tested as follows: f = 15MHz, V,h = 70% Vcc, V|l = 20% Vcc, 
Cl = 50pF, VoH 2: Vcc/2 and Vql < Vcc/2. 


Capacitance Ta = +25°C, Frequency = 1MHz 


SYMBOL 

PARAMETER 

TYP 

UNITS 

TEST CONDITIONS 

C|N 

Input Capacitance 

25 

PF 

All measurements are referenced to device GND 

CquT 

Output Capacitance 

25 

PF 
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Specifications HD-15531 


AC Electrical Specifications Vcc = 5V ± io%, Ta = - 40 °c to +85°c (hd-i 5530 - 9 ) 

Ta = -55°C to +125°C (HD-15530-8) 


SYMBOL 


ENCODER TIMING 


PARAMETER 


HD-15531 


MAX 


FEC 

Encoder Clock Frequency 

FESC 

Send Clock Frequency 

FED 

Encoder Data Rate 

TMR 

Master Reset Pulse Width 

TE1 

Shift Clock Delay 

TE2 

Serial Data Setup 

TE3 

Serial Data Hold 

TE4 

Enable Setup 

TE5 

Enable Pulse Width 

TE6 

Sync Setup 

TE7 

Sync Pulse Width 

TE8 

Send Data Delay 

TE9 

Bipolar Output Delay 

TE10 

Enable Hold 

TE11 

Sync Hold 

DECODER TIMING 

FDC 

Decoder Clock Frequency 

FDS 

Decoder Sync Clock 

FDD 

Decoder Data Rate 

TDR 

Decoder Reset Pulse Width 

TDRS 

Decoder Reset Setup Time 

TDRH 

Decoder Reset Hold Time « 

TMR 

Master Reset Pulse 

TD1 

Bipolar Data Pulse Width 

TD3 

One Zero Overlap 

TD6 

Sync Delay (ON) 

TD7 

Take Data Delay (ON) 

TD8 

Serial Data Out Delay 

TD9 

Sync Delay (OFF) 

TD10 

Take Data Delay (OFF) 

TD11 

Valid Word Delay 

TD12 

Sync Clock to Shift Clock 
Delay 

TD13 

Sync Data Setup 

NOTES: 



UNITS TEST CONDITIONS (NOTE 2) 


Vcc = 4.5V and 5.5V, Cl = 50pF 


Vcc = 4.5V and 5.5V, Cl = 50pF 


Vcc = 4.5V and 5.5V, Cl = 50pF 




Vcc = 4.5V and 5.5V, Cl = 50pF 


Vcc = 4.5V and 5.5V, Cl = 50pF 




Vcc = 4.5V and 5.5V, Cl = 50pF 


Vcc = 4.5V and 5.5V, Cl = 50pF 


Vcc = 4.5V and 5.5V, Cl = 50pF 


Vcc = 4.5V and 5.5V, Cl = 50pF 


Vcc = 4.5V and 5.5V, Cl = 50pF 


Vcc = 4.5V and 5.5V, Cl = 50pF 


Vcc = 4.5V and 5.5V, Cl = 50pF 


MHz Vcc = 4.5V and 5.5V, Cl = 50pF 


MHz Vcc = 4.5V and 5.5V, Cl = 50pF 


MHz Vcc = 4.5V and 5.5V, Cl = 50pF 


mm 


Vcc = 4.5V and 5.5V, Cl = 50pF 


Vcc * 4.5V and 5.5V, Cl = 50pF 


Vcc = 4.5V and 5.5V, Cl = 50pF 


ns Vcc = 4.5V and 5.5V, Cl = 50pF 


ns Vcc = 4.5V and 5.5V, Cl = 50pF 


ns Vcc = 4.5V and 5.5V, Cl = 50pF 


ns Vcc = 4.5V and 5.5V, Cl = 50pF 


ns Vcc = 4.5V and 5.5V, Cl = 50pF 


ns Vcc = 4.5V and 5.5V, Cl = 50pF 


ns Vcc = 4.5V and 5.5V, Cl = 50pF 


ns Vcc = 4.5V and 5.5V, Cl = 50pF 


Vcc = 4.5V and 5.5V, Cl = 50pF 


1. TDC = Decoder clock period = 1/FDC 

2. AC Testing as follows: Input levels: V|h = 70% Vcc, V|l = 20% 
Vcc; ^nput rise/fall times driven at InsA/; Timing Reference 
levels: Vcc/2; Output load: Cl = 50pF. 
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Timing Waveforms 


ENCODER TIMING 


ENCODER SHIFT CLOCK - J 

SERIAL DATA IN VALID 


SEND CLOCK 


ENCODER SHIFT CLOCK 


ENCODER ENABLE 


H h"' 



ENCODER SHIFT CLOCK 


BIPOLAR ONE OUT or 
BIPOLAR ZERO OUT 
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Timing Waveforms (Continued) 

DECODER TIMING (Continued) 


DECODER SHIFT CLOCK 


COMMAND/DATA SYNC 


DECODER SHIFT CLOCK 


SERIAL DATA OUT 


DECODER SHIFT CLOCK 


COMMAND/DATA SYNC 


VALID WORD 


DECODER SHIFT CLOCK 


DECODER RESET 


TDRS—H 


—I f-T 


SYNCHRONOUS 
CLOCK IN - 

DECODER SHIFT " 
CLOCK - 


SYNCHRONOUS INPUT (WITH EXTERNAL BIT SYNCHRONIZATION) 


SYNCHRONOUS 
CLOCK IN 


SYNCHRONOUS 
DATA IN . 


Td13 H H"Td13 


'MANCHESTER PHASES 


Test Load Circuit 


AC Testing Input, Output Waveform 


^Includes stray and jig capacitance 


AC Testing: All input signals must switch between V|l and V|h. Input 
rise and fall times are driven at 1 ns per volt. 
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SEMICONDUCTOR 


HD-15531/883 


January 1992 


CMOS Manchester Encoder-Decoder 


Features 

• This Circuit is Processed in Accordance to Mil-Std-883 and is Fuliy 
Conformant Under the Provisions of Paragraph 1.2.1. 

• Support of MlL-STD-1553 

• Data Rate (15531B).2.5 Megabit/Sec 

• Data Rate (15531). 1.25 Megabit/Sec 

• Variable Frame Length to 32-Bits 

• Sync Identification and Lock-In 

• Separate Manchester II Encode, Decode 

• Low Operating Power.50mW @ 5 Voits 

Description 

The Harris HD-15531/883 is a high performance CMOS device intended 
to service the requirements of MIL-STD-1553 and similar Manchester li 
encoded, time division multiplexed serial data protocols. This LSI chip is 
divided into two sections, an Encoder and a Decoder. These sections 
operate independently of each other, except for the master reset and word 
length functions. This circuit provides many of the requirements of MIL- 
STD-1553. The Encoder produces the sync pulse and the parity bit as well 
as the encoding of the data bits. The Decoder recognizes the sync pulse 
and identifies it as well as decoding the data bits and checking parity. 

The HD-15531/883 also surpasses the requirements of MIL-STD-1553 by 
allowing the word length to be programmable (from 2 to 28 data bits). A 
frame consists of three bits for sync followed by the data word (2 to 28 
data bits) followed by one bit of parity, thus the frame length will vary from 
6 to 32 bit periods. This chip also allows selection of either even or odd 
parity for the Encoder and Decoder separately. 

This Integrated circuit is fully guaranteed to support the 1MHz data rate of 
MIL-STD-1553 over both temperature and voltage. For high speed appli¬ 
cations the 15531B will support a 2.5 MegabIt/sec data rate. 

The HD-15531/883 can also be used in many party line digital data 
communications applications, such as a local area network or an 
environmental control system driven from a single twisted pair of fiber 
optic cable throughout a building. 


Pinout 


40 LEAD DIP 
TOP VIEW 


vccLL 
VAUD WORD U 
TAKE DATA' [T 
TAKE DATA \± 
SERIAL DATA OUT U 
SYNCHR DATA [? 
SYNCHR DATA IT 

selJ= 

SYNCHR CLK \± 
decoder CLK [T 
SYNCHR CLKSELfio 
BIPOLAR ZERO IN [iT 
BIPOLAR ONE IN 
UNIPOLAR DATA Q 3 

DECODER SHIR 

CLK^ 
TRANSITION SEL Ql 

NcOi 

COMMAND SYNC Qt 
DECODER PARITY [7^ 

sel|^ 

DECODER reset Hi 


40| COUNT Cl 
3^ COUNT C4 
3^ DATA SYNC 
^ ENCODER CLK 
^ COUNT C3 
^ NC 

^ ENCODER SHIFT 
^ CLK 

^ SEND CLK IN 
^ SEND DATA 
^ ENCODER PARITY 
SEL 

^ SYNC SEL 
^ ENCODER ENABLE 
is] SERIAL DATA IN 
27 ] BIPOLAR ONE OUT 

2§| ouTPut inhibit 

25| 

^ +60UT 
^ COUNT2 
^ MASTER RESET 
21 ] GNO 


Biock Diagrams 


^GND _ 

^MASTER RESET 
^ SEND CLK IN 
6 OUT I 


SYNCHRONOUS vL. 
DATA SELECT 


UMIM 

UNIPOLAR ^ 13i -. — . . m 

DATA IN 

BIPOLAR nJS transition 
ONE IN ^ finder 

bipolar vH 
one in ■ ■ 


SYNCHRONOUS 

^DATA 


""^"1 TAKE DATA 

_ CHARACTER JIZii^/^UllAijn 
GATE^ IDENTIFIER ►COMMAND 

I , , ■ I —►DATA SYNC 


6 I. I 

I FORMER 

25 " 






I I 

, 

BIPOLAR 
ZERO OUT 

CLK' 
DECODER: 
CLK SEL 

SI 

SYNCH¬ 

RONIZER 

CLOCK I 

- 

BIT 

>- RATE - 
CLK 


CO Cl C2 C3 C4 


28 1 29 30 1 31 


ENCODER ENCODER ENCODER 
SHIFT ENABLE PARITY 
CLK SELECT 


SYNCv12„ 
CLK SEL 
MASTER 
RESET 


SERIAL 

^ DATA OUT 
12^.. 


DECODER 
SHIFT CLK 


DECODER 

RESET 'I 


CO Cl C2 C3 C4 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1991 c 1 ci 
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Specifications HD-15531/883 


Absolute Maximum Ratings Reliability information 

Supply Voltage.+7.0V Thermal Resistance. e^a Gjc 

Input, Output or I/O Voltage.GND-0.5V to VCC+0.5V Ceramic DIP Package. 34.8°C/W 7.9°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175°C Ceramic DIP Package.1.44W 

Lead Temperature (Soldering 10s).+3(X)°C Gate Count.250 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any offier conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Supply Voltage.+4.5V to +5.5V Sync. Transition Span (TD2).18 TDC Typical, (Note 1) 

Operating Temperature Range (T^).-55°C to +125°C Short Data Transition Span (TD4).6 TDC Typical, (Note 1) 

Encoder/Decoder Clock Rise Time (TECR, TDCR).8ns Max Long Data Transition Span (TD5).12 TDC Typical, (Note 1) 

Encoder/Decoder Clock Fall Time (TECF, TDCF).8ns Max 


TABLE 1. HD-15531/883, HD-15531B/883 DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

GROUP A 
SUBGROUPS 

TEMPERATURE 

Input LOW Volt¬ 
age 

VIL 

VCC = 4.5V and 5.5V 

1,2, 3 

-55°C < Ta < -i-125°C 

Input HIGH Volt¬ 
age 

VIH 

VCC = 4.5V and 5.5V 

1.2,3 

-55°C<Ta<+125°C 

Input LOW Clock 
Voltage 

VILC 

VCC = 4.5V and 5.5V 

1,2,3 

-55°C < Ta < -i-125®C 

Input HIGH Clock 
Voltage 

VIHC 

VCC = 4.5V and 5.5V 

1,2,3 

-55°C<Ta<+125°C 

Output LOW Volt¬ 
age 

VOL 

IOL = -f-1.8mA, VCC = 
4.5V (Note 2) 

1,2,3 

-55°C<Ta<+125°C 

Output HIGH Volt¬ 
age 

VOH 

lOH = -3.0mA, VCC = 
4.5V (Note 2) 

1,2,3 

-55°C<TA<-h125°C 

Input Leakage 
Current 

11 

VI = VCC orGND, VCC = 
5.5V 

1.2,3 

-55°C < Ta <-h125°C 

Standby Supply 
Current 

ICCSB 

VIN = VCC = 5.5V, 
Outputs Open 

1,2,3 

-55°C<Ta<-i-125°C 

Functional Test 

FT 

(Note 3) 

7,8 

-55°C<Ta<+125°C 


1. TDC = Decoder clock period = 1/FDC 

2. Interchanging of force and sense conditions is permitted. 


3. Tested as follows: f = 15MHz, VIH = 70% VCC, VIL = 20% VCC, 
CL = 50pF, VOH > VCC/2 and VOL < VCC/2. 
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Specifications HD-15531/883 



TABLE 2. HD-15531/883, HD-15531B/883 AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


HD-15531/883 I HD-15531 B/883 


(NOTE 2) 

GROUP A 

CONDI¬ 

SUB¬ 

TIONS 

GROUPS 


ENCODER TIMING 


Encoder Clock 
Frequency 


Send Clock 
Frequency 


Encoder Data Rate 


Master Reset Pulse 
Width 


Shift Clock Delay 


Serial Data Setup 


Serial Data Hold 


Enable Setup 


Enable Pulse Width 


Sync Setup 


Sync Pulse Width 


Send Data Delay 


Decoder Data Rate 


FEC VCC = 4.5V 9,10,11 -55°C < < +125°C 

and 5.5V 


FESC VCC = 4.5V 9,10,11 -55°C < T^ < +125°C 

and 5.5V 


FED VCC = 4.5V 9,10,11 -55°C <Ta<+125°C 

and 5.5V 


TMR VCC = 4.5V 9,10,11 -55°C<Ta<+125°C 150 

and 5.5V 


TE1 VCC = 4.5V 9,10,11 -55°C < T^ <+125°C 

and 5.5V 


TE2 VCC = 4.5V 9,10,11 -55°C < < +125°C 75 

and 5.5V 


TE3 VCC = 4.5V 9,10,11 -55°C <Ta<+125°C 75 

and 5.5V 


TE4 VCC = 4.5V 9,10,11 -55°C < < +125°C 90 

and 5.5V 


TE5 VCC = 4.5V 9,10,11 -55°C < <+125°C 100 

and 5.5V 


TE6 VCC = 4.5V 9,10,11 -55°C < T^ < +125°C 55 

and 5.5V 


TE7 VCC = 4.5V 9,10,11 -55°C < < +125°C 150 

and 5.5V 


TE8 VCC = 4.5V 9,10,11 -55°C < < +125°C 

and 5.5V 


Bipolar Output Delay TE9 VCC = 4.5V 9,10,11 -55°C < < +125°C 

and 5.5V 


TE10 VCC = 4.5V 9,10,11 -55°C <Ta<+125°C 10 

and 5.5V 


TE11 VCC = 4.5V 9,10,11 -55°C < <+125°C I 95 

and 5.5V I 


Enable Hold 


Sync Hold 


DECODER TIMING 


Decoder Clock 
Frequency 


Decoder Sync Clock FDS VCC = 4.5V 9,10,11 -55°C < T^ < +125°C 

and 5.5V 


FDC VCC = 4.5V 9,10,11 -55°C < T^ < +125°C 

and 5.5V 


FDD VCC = 4.5V 9, 10, 11 -55°C < T^ < +125°C 

and 5.5V 


Decoder Reset Pulse TDR VCC = 4.5V 9,10,11 -55°C < T^ < +125°C 150 

Width and 5.5V 


Decoder Reset Setup TDRS VCC = 4.5V 9,10,11 -55°C < Ta < +125°C 75 

Time and 5.5V 


Decoder Reset Hold TDRH VCC = 4.5V 9,10,11 -55°C <Ta<+125°C 10 

Time and 5.5V 


Master Reset Pulse TMR VCC = 4.5V 9,10,11 -55°C < T^ < +125®C 150 

and 5.5V 


Bipolar Data Pulse TD1 VCC = 4.5V 9,10,11 -55°C < T^ < +125°C ITDC+10 

Width and 5.5V I (Note 1) 


One Zero Overlap TD3 VCC = 4.5V 9,10,11 -55°C <Ta <+125°C - TDC-10 

and 5.5V (Note 1) 
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Specifications HD-15531/883 


TABLE 2. HD-15531/883, HD-15531B/883 AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER 

SYMBOL 

(NOTE 2) 

CONDI¬ 

TIONS 

GROUP A 
SUB¬ 
GROUPS 

TEMPERATURE 

HD-15531/883 

HD-15531 B/883 

UNITS 

U|]j| 

MAX 

Bi 

MAX 

Sync Delay (ON) 

TD6 

VCC = 4.5 V 
and 5.5V 

9,10.11 

-55°C<Ta<+125°C 

-20 

110 

-20 

110 

ns 

Take Data Delay (ON) 

TD7 

VCC = 4.5 V 
and 5.5V 

9,10,11 

-55°C<Ta<+125°C 

0 

110 

0 

110 

ns 

Serial Data Out Delay 

TD8 

VCC = 4.5 V 
and 5.5V 

9,10,11 

-55°C<Ta<+125°C 

- 

80 

- 

80 

ns 

Sync Delay (OFF) 

TD9 

VCC=4.5V 
and 5.5V 

9,10,11 

-55°C^Ta<+125°C 

0 

110 

0 

110 

ns 

Take Data Delay 
(OFF) 

TD10 

VCC=4.5 V 
and 5.5V 

9,10,11 

-55®C<Ta^+125®C 

0 

110 

0 

110 

ns 

Valid Word Delay 

TD11 

VCC=4.5V 
and 5.5V 

9.10, 11 

-55°C^Ta<+125°C 

0 

110 

0 

110 

ns 

Sync Clock to Shift 
Clock Delay 

TD12 

VCC = 4.5V 
and 5.5V 

9,10,11 

-55®C<Ta<+125°C 

“ 

75 

- 

75 

ns 

Sync Data Setup 

TD13 

VCC = 4.5V 
and 5.5V 

9,10,11 

-55°C<Ta<+125°C 

75 

- 

75 


ns 


NOTES: 

1 . TDC = Decoder Clock Period = 1/FDC rise/fall times driven at InsA/; Timing reference levels: VCC/2; 

2. AC Testing as follows: VIH = 70% VCC, VIL = 20% VCC; Input Output load: CL = 50pF 


TABLE 3. HD-15531/883, HD-15531 B/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 







LIMITS 


PARAMETER 

SYMBOL 

CONDITIONS 

NOTES 

TEMPERATURE 

MIN 

MAX 

UNITS 

Input Capacitance 

Cl 

VCC = OPEN, f = 1MHz, All 
measurements referenced to 
device GND. 

■ 

mm 

■ 

25 

PF 

Input/Output Capaci¬ 
tance 

CIO 

VCC = OPEN,f = 1MHz, All 
measurements referenced to 
device GND. 

■ 

Ta = +25°C 

■ 

25 

PF 

Operating Power 

Supply Current 

ICCOP 

VCC = 5.5V, f = 1MHz 

1,2 

-55°C<Ta<+125°C 

■1 

10 

mA 


NOTES: 

1. The parameters listed In Table 3 are controlled via design or pro- 2. Guaranteed but not 100% tested, 
cess parameters are characterized upon initial design and after 
major process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 











































































































































HD-15531/883 


Burn-In Circuit 


HD1-15531/883 CERAMIC DIP 



VCC = 5 5V ± 0.5V 
VIH = 4 5V ± 10% 
VIL = -0 2V to +0 4V 
R = 47kri ± 5% 
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HD-15531/883 
















































































































HD- 75531/883 


Packaging 


40 PIN CERAMIC DIP 




.535 n 





I 



□ 



INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER RNISH 


LEAD FINISH; Type A 

MATERIALS: Compliant to MIL-M-38510 


COMPLIANT OUTLINE: MIL-STD-1835, 
GDIP1-T40 
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SEMICONDUCTOR 


HS-3182 


December 1994 


ARiNC 429 Bus Interface Line Driver Circuit 


Features 

• TTL and CMOS Compatible Inputs 

• Adjustable Rise and Fall Times Via Two External 
Capacitors 

• Programmable Output Differential Voltage Via Vp^p 
input 

• Operates at Data Rates Up to 100 Kiiobits/Sec 

• Output Short Circuit Proof and Contains Overvoltage 
Protection 

• Outputs are Inhibited (0 Volts) If DATA (A) and DATA 
(B) Inputs are Both in the “Logic One” State 

• DATA (A) and DATA (B) Signals are “AND’d” with Clock 
and Sync Signals 

• Full Military Temperature Range 

Ordering Information 


PACKAGE 

TEMP. RANGE 

ORDER CODE 

Ceramic DIP 

0°C to +70°C 

HS1-3182-5 


-55°C to +125°C 

HS1-3182-8 

SMD# 


Pending 

LCC 

-55°C to +125°C 

HS4-3182-8 

SMD# 


Pending 


Description 

The HS-3182 is a monolithic dielectrically isolated bipolar 
differential line driver designed to meet the specifications of 
ARINC 429. This Device is intended to be used with a com¬ 
panion chip. HS-3282 CMOS ARINC Bus Interface Circuit, 
which provides the data formatting and processor interface 
function. 

All logic inputs are TTL and CMOS compatible. In addition to 
the DATA (A) and DATA (B) inputs, there are also inputs for 
CLOCK and SYNC signals which are AND’d with the DATA 
Inputs. This feature enchances system performance and 
allows the HS-3182 to be used with devices other than the 
HS-3182. 

Three power supplies are necessary to operate the 
HS-3182: +V = +15V± 10%, -V = -15V± 10%, and = 5V 
± 5%. Vrpp is used to program the differential output voltage 
swing such that Vqut (DIFF) = ±2 Vrep Typically, 

= 5V ± 5%, but a separate power supply may be used for 
VpjEF which should not exceed 6V. 

The driver output impedance is 75^2 ± 20% at 25°C. Driver 
output rise and fall times are independently programmed 
through the use of two external capacitors connected to the 
Ca and Cq inputs. Typical capacitor values are C^ = Cr = 
75pF for high-speed operation (100KBPS), and C^ = Cg = 
300pF for low-speed operation (12 to 14.5KBPS). The out¬ 
puts are protected against overvoltage and short circuit as 
shown in the Block Diagram. The HS-3182 is designed to 
operate with a case temperature range of -55°C to +125°C, 
or 0®C to +70°C. 


Pinouts 


16 LEAD DIP 

TOP VIEW 



28 LEAD LCC 

TOP VIEW 


to O Z > > Z z 


Truth Table 

DATA DATA 

SYNC CLOCK (A) (B) Aq 



H 

H 

H 

H 

H 

H 

H 

H 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1991 c -i co 


File Number 2963 

































Typical Application 



-15 V 

* The rise and fall time of the outputs are set to ARINIC specified values by CAand Cb- Typical Ca = 
Cb = 75pF for high speed and 300pF for low speed operation. The output HI and low levels are set to 
ARINC specifications by Vrep 
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Specifications HS-3182 


Absolute Maximum Ratings 

Voltage Between +V and -V Terminals.40V 

Vi.7V 

Vref.6V 

Logic Input Voltage.GND -0.3V to V^ +0.3V 

Storage Temperature Range.-65°C to +150°C 

Junction Temperature.+175°C 

Lead Temperature (Soldering 10s).+300°C 

ESD Classification.Class 1 

Output Short Circuit Duration.See Note 1 

Output Overvoltage Protection.See Note 2 

NOTES: 


1. Heat sink may be required for 10OK bits/s at +125°C and output 
short circuit at +125°C. 


Reliability Information 

Thermal Resistance 0ja 6jc 

Ceramic DIP Package. 73.5°C/W 10.9°C/W 

Ceramic LCC Package. 54.0°C/W 6.1°C/W 

Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package.0.8W 

Ceramic LCC Package.1 .OW 

Transistor Count.133 


2. The fuses used for output overvoltage protection may be biown 
by a fault at each output of greater than ± 6.5V relative to GND. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions 

Operating Voltage: Operating Temperature Range: 

+V.+15V ± 10% HS-3182-5.0°C to +70°C 

-V.-15V ± 10% HS-3182-8.-55°C to +125°C 

.5V±5% 

Vref (For ARINC 429).5V ± 5% 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


D.C. PARAMETER 

SYMBOL 

(NOTE 1) 

CONDITIONS 

MIN 

MAX 

UNITS 

Suppiy Current +V (Operating) 

Iccop (+V) 

No Load (0-1OOK bits/s) 

- 

16 

mA 

Supply Current -V (Operating) 

iccop (-V) 

No Load (0-100K bits/s) 

-16 

- 

mA 

Supply Current Vi (Operating) 

•ccop (Vi) 

No Load (0-1 OOK bits/s) 

- 

975 

pA 

Suppiy Current Vref (Operating) 

•ccop (Vref) 

No Load (0-1 OOK bits/s) 

-1.0 

- 


Logic "1" Input Voltage 

V|H 


2.0 

- 

V 

Logic "0" Input Voltage 

VlL 


- 

0.5 

V 

Output Voltage High (Output to GND) 

VoH 

No Load (0-1 OOK bits/s) 


Vref 

(+250mV) 


Output Voltage Low (Output to GND) 

VoL 

No Load (0-100K bits/s) 

-Vref 

(-250mV) 



Output Voltage Null 

Vnull 

No Load (0-1 OOK bits/s) 

-250 

+250 

mV 

Input Current (Input Low) 

l|L 


-20 

- 

pA 

Input Current (Input High) 

l|H 


- 

10 

pA 

Output Short Circuit Current 
(Output High) 

•OHSC 

Short to GND 

- 

-80 

mA 

Output Short Circuit Current 
(Output Low) 

■OLSC 

Short to GND 

80 

- 


Output Impedance 

Zo 

Ta = +25°C 

60 

90 

Q 


NOTE; 


1. +V = +15V ± 10%, -V = -15V ± 10%, Vi = Vref = 5V ± 5%, unless 
otherwise specified T^ = 0°C to +70°C for HS-3182-5 and T^ = 
-55°C to +125°C for HS-3182-8. 
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Specifications HS-3182 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


A.C. PARAMETER 

SYMBOL 

(NOTE 1) 

CONDITIONS 

B 

MAX 


Rise Time (Aoyj, Bqut) 


Ca = Cg = 75pF, Note 2 

1 

B 




(atTA = -55°C Only) 

0.9 

B 




Ca = Cg = 300pF, Note 2 


9 

pS 

Fall Time (Aout» ®cxjt) 

tp 

CA = Cg = 75pF, Note 3 

1 

2 

pS 



(atTA = -55°C Only) 

0.9 

B 

pS 



Ca = Cg = 300pF, Note 3 

3 

9 

pS 



Ca = Cg = 75pF, No Load 

- 


pS 

Propagation Delay Input to Output 

tpHL 

Ca = Cg = 75pF, No Load 

- 

3.3 

pS 


NOTES: 


1. +V = +15V, -V = -15V, = Vrep = 5V, unless otherwise specified 2. tp measured 50% to 90% times 2, no load. 

TA = 0°Cto+70°Cfor HS-3182-5andTA = -55°Cto+125°Cfor w cno/ * ^no/o i ^ 

HS-3182-8 50% to 10% times 2, no load. 

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

(NOTE 1) 

CONDITIONS 

MIN 

MAX 

UNITS 

Input Capacitance 

C|N 

Ta = -*-25°C 

- 

15 

PF 

Supply Current -i-V (Short Circuit) 

Isc (+V) 

Short to GND,TA = -t-25°C 

- 

150 

mA 

Supply Current -V (Short Circuit) 

Isc(-V) 

Short to GND,Ta = +25°C 

-150 

- 

mA 


NOTE: 

1. The parameters listed in Table 3 are controlled via design or pro- are characterized upon initial design and after major process 

cess parameters and are not directly tested. These parameters and/or design changes affecting these parameters. 


Power Characteristics Nominal Power at +25°C, +V = +15V, -V = -15V, = Vrep = 5V, Notes 1, 3 


DATA RATE 
(K BITS/s) 

LOAD 

-►V 

V- 

Vi 

CHIP POWER 

POWER DISSIPATION 

IN LOAD 

0-100 

No Load 

11mA 

-10mA 

eoopA 

325mW 

0 

12.5-14 


24mW 

-24mW 

eoopA 

660mW 

60mW 

100 

Full Load, Note 2 

46mW 

-46mW 

eoopA 

1 Watt 

325mW 


NOTES: 

1. Heat sink may be required for 10OK bits/s at +125°C and output 
short circuit at +125°C. 

Thermal characteristics: T^casE) = junction) " ^(Junction - case) 

^(Dissipation)- 

Where: T(junction Max) = +175°c 

e(Junction - Casa) = 10.9°C/W {6.1°C/W for LCC) 

©(Junc^on - Ambient) = 73.5°C/W (54.0°C/W for LCC) 


2. Full Load for ARINC 429: Rl = 400Q and Cl = 30,000pF In par¬ 
allel between Aqut and Bqut (s©® diagram). 

3. Output Overvoltage Protection: The fuses used for output over¬ 
voltage protection may be blown by a fault at each output of 
greater than ±6.5V relative to GND. 
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HS-3182 


Driver Waveforms 



NOTES: if measured 50% to 90% times 2 
tf measured 50% to 10% times 2 
V,H = 5V VoL = -4.75V to -5.25V 

V|L = 0V VoH = 4.75V to 5.25V 


When the Data (A) input is in the Logic One state and the Data (B) 
input is in the Logic Zero state, A(xjt is equal to Vp^p and Bqut's 
equal to-Vppp This constitutes the Output High state. Data (A) and 
Data (B) both in the Logic Zero state causes both Aq^t and Bqut to 
be equal to OV which designates the output Null state. Data (A) in 
the Logic Zero state and Data (B) in the Logic One state causes 
Aqut to be equal to-VpEp and Bqut to be equal to Vrep which is the 
Output Low state. 


Burn-In Schematic 


Vi DATA (B) +V 


■ 

■1 



IgB 

1 



_ . _ 



IH 


_ 

T 

ZC1 

1 

16 15 14 13 12 11 10 9 

HS-3182 

1 2 3 4 5 6 7 8 



HPVH 

HIHH 

mmMwm 



i 


■■ 

E3h 










DATA(A) -V GNO 


NOTES: R = 400Q±5% 

Cl = 0.03pF ± 20% 

Cg = C 3 = 500pF, NPO 
+V = +15.5V±0.5V 
-V =-15.5V ± 0.5V 
Vi=+5.5V±0.5V 

A O.OpF decoupling capacitor Is required on each of the 
three supply lines (+V, -V and V^) at every 3rd Burn-in 
socket. 


V|H 

V|L 


V|H 

V|L 


Ambient Temp. Max. = +125°C. 

Package = 16 Lead Side Brazed DIP. 

Pulse Conditions = A & B = 6.25kHz ± 10%. B is delayed 
one-half cycle and in sync with A. 

V,H = 2.0V Min. 

V,l = 0.5V Max. 
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CMOS ARINC Bus Interface Circuit 


Features 

• ARINC Specification 429 Compatibie 

• Data Rates of 100 Kilobits or 12.5 Kilobits 

• Separate Receiver and Transmitter Section 

• Dual and Independent Receivers, Connecting Directly to ARINC Bus 

• Serial to Parallel Receiver Data Conversion 

• Parallel to Serial Transmitter Data Conversion 

• Word Lengths of 25 or 32 Bits 

• Parity Status of Received Data 

• Generate Parity of Transmitter Data 

• Automatic Word Gap Timer 

• Single 5-Volt Supply 

• Low Power Dissipation 

• Full Military Temperature Range 

Description 

The HS-3282 is a high performance CMOS bus interface circuit that is intended to 
meet the requirements of ARINC Specification 429, and similar encoded, time 
multiplexed serial data protocols. This device is intended to be used with the 
HS-3182, a monolithic Dl bipolar differential line driver designed to meet the spec¬ 
ifications of ARINC 429. The ARINC 429 bus interface circuit consists of two (2) re¬ 
ceivers and a transmitter operating independently as shown in Figure 7. The two 
receivers operate at a frequency that is ten (10) times the receiver data rate, which 
can be the same or different from the transmitter data rate. Although the two receiv¬ 
ers operate at the same frequency, they are functionally independent and each 
receives serial data asynchronously. The transmitter section of the ARINC bus 
interface circuit consists mainly of a First-In First-Out (FIFO) memory and timing 
circuit. The FIFO memory is used to hold up to eight (8) ARINC data words for 
transmission serially. The timing circuit is used to correctly separate each ARINC 
word as required by ARINC Specification 429. Even though ARINC Specification 
429 specifies a 32-blt word, including parity, the HS-3282 can be programmed to 
also operate with a word length of 25 bits. The incoming receiver data word parity 
is checked, and a parity status is stored in the receiver latch and output on Pin 
BD08 during the 1st word. [A logic “0” indicates that an odd number of logic “1 ”s 
were received and stored; a logic “1 ” indicates that an even number of logic “1 ”s 
were received and stored). In the transmitter the parity generator will generate 
either odd or even parity depending upon the status of PARCK control signal. A 
logic “0” on BD12 will cause odd parity to be used in the output data stream. 
Versatility is provided in both the transmitter and receiver by the external clock 
input which allows the bus interface circuit to operate at data rates from 0 to 100 
kilobits. The external clock must be ten (10) times the data rate to insure no data 
ambiguity. 

The ARINC bus interface circuit is fully guaranteed to support the data rates of 
ARINC specification 429 over both the voltage (±5%) and full military 
temperature range. It interfaces with TTL, CMOS or NMOS support circuitry, and 
uses the standard 5-volt VCC supply. 


Ordering Information 


PACKAGE 

TEMPERATURE RANGE 

ORDER CODE 

Ceramic DIP 

SMD# 

QOC to +70OC 

HS1-3282-5 

- 550 c to +^ 250 c 


5962-8688001QA 

LCC 

SMD# 

QOC to +70OC 

HS4-3282-5 

- 550 c to +1 250 c 


5962-8688001XA | 


Pinouts 

40 LEAD DIP 
TOP VIEW 


VDD [T 


^ N/C 

429DI1(A) [T 


39 ] MR 

429DI1(B) [T 


38] TX CLK 

429DI2(A) [T 


37 ] CLK 

429DI2(B) |T 


36] N/C 

D/Rl [T 


35 ] N/C 

D/R2(T 


34) CWSTR 

sel[T 


^ ENTX 

EN1 [T 


32 ] 429D0 

EN2[lO 


31 ] 429D0 

BDISpT 


^ TX/R 

BD14[i2 


29 ] Pti 

BDisfia 


28] PL1 

BDI 2 II 4 


27 ] BDOO 

BD11 


26] BD01 

BDiofie 


2S] BD02 

BD09[^ 


2^ BD03 

BD08 [Ts^ 


23 ] BD04 

BD07[T9| 


22 ] BD05 

bdosH 




44 LEAD LCC 

TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pUg [sjumber 2964 

Copyright © Harris Corporation 1992 
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HS-3282 


Pin Assignment and Functions 


IQH 

SYMBOL 

SECTION 

DESCRIPTION 

1 

Vcc 

Recs/T rans 

Supply pin 5 volts ± 5% 

2 

429 Dll (A) 

Receiver 

ARINC 429 data input to Receiver 1. 

3 

429 Dll (B) 

Receiver 

ARINC 429 data input to Receiver 1. 

4 

429 DI2 (A) 

Receiver 

ARINC 429 data input to Receiver 2. 

a 

429 DI2 (B) 

Receiver 

ARINC 429 data input to Receiver 2. 

6 

oTm 

Receiver 

Device ready flag output from 
Receiver 1 indicating a valid data 
word is ready to bo fetched. 

■ 

d7^ 

Receiver 

Device ready flag output from 
Receiver 2 indicating a valid data 
word is ready to be fetched. 

8 

SEL 

Receiver 

Bus Data Selector • Input signal to 
select one of two 16-bit words from 
either Receiver 1 or 2. 

9 

enT 

Receiver 

Input signal to enable data from 
Receiver 1 onto the data bus 

10 

042 

Receiver 

Input signal to enable data from 
Receiver 2 onto the data bus. 

11 

BD15 

Recs/Trans 

Bi-directional data bus for fetching 
data from either of the Receivers, or 
for loading data into the Transmitter 
memory or control word register. 
See Control Word Table for 
description of Control Word bits. 

IB 

BD14 

Recs/Trans 

See Pm 11. 

IB 

BD13 

Recs/T rans 

See Pm 11. 

14 

BD12 

Recs/Trans 

See Pin 11. 

15 

BD11 

Recs/Trans 

See Pm 11. 

IB 

BD10 

Recs/Trans 

See Pm 11. 

a 

BD09 

Recs/Trans 

See Pm 11. 

18 

BD08 

Recs/Trans 

See Pm 11. 

19 

BD07 

Recs/Trans 

See Pm 11. 


BD06 

Recs/Trans 

See Pm 11. 

El 

GND 

Recs/Trans 

Circuit Ground. 


BD05 

Recs/Trans 

See Pm 11. 

23 

BD04 

Recs/Trans 

See Pm 11. Control Word function 
not applicable. 

24 

BD03 

Recs/Trans 

See Pm 11. Control Word function 
not applicable. 


SYMBOL 


25 BD02 


26 BD01 


27 BDOO 


SECTION 


Recs/Trans 


Recs/Trans 


Recs/Trans 





DESCRIPTION 


See Pin 11. Control Word function 
not applicable. 


See Pin 11. Control Word function 
not applicable. 


See Pin 11. Control Word function 
not applicable. 


Parallel load input signal loading the 
first 16-bit word into the Transmitter 
memory. 


Parallel load input signal loading the 
second 16-Bit word into the 
Transmitter memory and initiates 
data transfer into the memory stack. 


Transmitter flag output to indicate 
the memory is empty. 


Data output from Transmitter. 


Data output from Transmitter. 


Transmitter Enable input signal to 
initiate data transmission from FIFO 
memory. 


Control word input strobe signal to 
latch the control word from the 
databus into the control word 
register. 


No connection Must be left open. 


No connection. May be left open or 
tied low but never tied high. 


External clock input. May be either 
ten (10) or eighty (80) times the data 
rate. If using both ARINC data rates 
It must be ten (10) times the highest 
data rate, (typically 1 MHz). 


Transmitter Clock output. Delivers a 
clock frequency equal to the trans¬ 
mitter data rate. 


Master Reset. Active low pulse used 
to reset FIFO, bit counters,gap timer, 
word count signal, TX/R and various 
other flags and controls. Master 
reset does not reset the control word 
register. Usually only used on 
Power-Up or System Reset. 


No Connection. 
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Operational Description 

The HS-3282 is designed to support ARINC Specification 
429 and other serial data protocols that use a similar format 
by collecting the receiving, transmitting, synchronizing, tim¬ 
ing and parity functions on a single, low power LSI circuit. It 
goes beyond the ARINC requirements by providing for 
either odd or even parity, and giving the user a choice of 
either 25 or 32 bit word lengths. The receiver and transmit¬ 
ter sections operate independently of each other. The seri- 
al-to-parallel conversion required of the receiver and the 
parallel-to-serial conversion requirements of the transmitter 
have been incorporated into the bus interface circuit. 


Provisions have been made through the external clock input 
to provide data rate flexibility. This requires an external 
clock that is 10 times the data rate. 

To obtain the flexibility discussed above, a number of exter¬ 
nal control signals are required. To reduce the pin count 
requirements, an internal control word register is used. The 
con trol word is latched from the dat a bus Into the register by 
the Control Word Strobe (CWSTR) signal going to a logic 
“1”. Eleven (11) control functions are used, and along with 
the Bus Data (BD) line are listed below: 


Control Word 


PIN NAME SYMBOL 



Connects the self test signal from the transmitter directly to the receiver shift registers, 
bypassing the input receivers. Receiver 1 receives Data True and Receiver 2 receives Data Not 
Note that the transmitter output remains active. (Logic “0" on SLFTST Enables Self Test). 


Signal to Activate the Source/Destination (S/D) Decoder for Receiver 1. (Logic “1” activates S/D 
Decoder). 


If SDENB1 = “1 ” then this bit is compared with ARINC Data Bit #9. If Y1 also matches (see Y1), the 
word will be accepted by the Receiver 1. If SDENB1 = “0” this bit becomes a don’t care. 


If SDENB1 = “1 ” then this bit is compared with ARINC Data Bit #10. If XI also matches (see XI), 
the word will be accepted by the Receiver 1. If SDENB1 = “0” this bit becomes a don’t care. 


Signal to activate the Source/Destination (S/D) Decoder for Receiver 2. (Logic “1” activates S/D 
Decoder). 


If SDENB2 = “1 ” then this bit is compared with ARINC Data Bit #9. If Y2 also matches (see Y2), the 
word will be accepted by the Receiver 2. If SDENB2 = “0” this bit becomes a don’t care. 


If SDENB2 = “1” then this bit is compared with ARINC Data Bit #10. If X2 also matches (see X2), 
the word will be accepted by the Receiver 2. If SDENB2 = “0" this bit becomes a don’t care. 


Signal used to invert the transmitter parity bit for test of parity circuits. Logic “0” selects normal 
odd parity. Logic “1 ” selects even parity. 


Selects high or low Transmitter data rate. If TXSEL = “0” then transmitter data rate is equal to the 
clock rate divided by ten (10). If TXSEL = “1” then transmitter data rate is equal to the clock rate 
divided by eighty (80). 


Selects high or low Receiver data rate. If RCVSEL = “0” then the received data rate should be 
equal to the clock rate divided by ten (10), if RCVSEL = “1” then the received data rate should be 
equal to the clock rate divided by eighty (80). 


Selects word length. If WLSEL = “0” a 32-bit word format will be selected. If WLSEL = “1 ” a 25-Bit 
word format will be selected. 
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ARINC 429 DATA FORMAT as input to the Receiver and 
output from the Transmitter is as follows: 


TABLE 1. ARINC 429 32 BIT DATA FORMAT 


ARINC BIT # 

FUNCTION 

1 -8 

Label 

9-10 

SDI or Data 

11 

LSB 

12-27 

Data 

28 

MSB 

29 

Sign 

30,31 

SSM 

32 

Parity Status 


This format is shuffled when seen on the sixteen 
bidirectional input/outputs. The format shown below is used 
from the receivers and input to the transmitter: 


TABLE 2A. WORD 1 FORMAT 


BI-DIRECTIONAL 

BIT# 

FUNCTION 

ARINC 

BIT# 

15,14 

Data 

13,12 

13 

LSB 

11 

12,11 

SDI or Data 

10,9 

10,9 

SSM Status 

31,30 

8 

Parity Status 

32 

7-00 

Label 

1 -8 


TABLE 2B. WORD 2 FORMAT 


BI-DIRECTIONAL 


ARINC 

BIT# 

FUNCTION 

BIT# 

15 

Sign 

29 

14 

MSB 

28 

13-00 

Data 

27-14 


Receiver Parity Status: 

0 = Odd Parity 
1 = Even Parity 

if the receiver input data word string is broken before the 
entire data word is received, the receiver will reset and 
ignore the partially received data word. 

If the transmitter is used to transmit consecutive data words, 
each word will be separated by a four (4) bit “null” state 
(both positive and negative outputs will maintain a zero (0) 
volt level.) 


TABLE 3. ARINC 25-BIT DATA FORMAT 


ARINC BIT # 

FUNCTION 

1-8 

Label 

9 

LSB 

11-23 

Data 

24 

MSB 

25 

Parity Status 


TABLE 4A. WORD 1 FORMAT 


BI-DIRECTIONAL 


ARINC 

BIT# 

FUNCTION 

BIT# 

15-9 

Don't Care 

XXX 

8 

Parity Status 

25 

7-0 

Label 

1 -8 


TABLE 4B. WORD 2 FORMAT 


BI-DIRECTIONAL 


ARINC 

BIT# 

FUNCTION 

BIT# 

15 

MSB 

24 

14-1 

Data 

23-10 

0 

LSB 

9 


Receiver Parity Status: 

0 = Odd Parity 
1 =s Even Parity 

No Source/Destination (S/D) in 25-Bit format. 

Receiver Operation 

Since the two receivers are functionally identical, only one 
will be discussed in detail, and the block diagram will be 
used for reference in this discussion. The receiver consists 
of the following circuits: 

• The Line Receiver functions as a voltage level transla- 
tor. It transforms the 10 volt differential line voltage, 
ARINC 429 format, into 5 volt internal logic level. 

• The output of the Line Receiver is one of two inputs to 
the Self-Test Data Selector (SEL). The other input to 
the Data Selector is the Self-Test Signal from the Trans¬ 
mitter section. 

• The incoming data, either Self-Test or ARINC 429, 
is double sampled by the Word Gap Timer to generate 
a Data Clock. The Receiver sample frequency 
(RCVCLK), 1MHZ, or 125kHz, is generated by the Re¬ 
ceiver/Transmitter Timing Circuit. This sampling 
frequency is ten times the Data Rate to ensure no data 
ambiguity. 

• The derived data clock then shifts the data down a 32- 
Bit long Data Shift Register (Data S/R1). The Data 
Word Length is selectable for either 25-Bits or 32-Bits 
long by the Control Signal (WLSEL). As soon as the data 
word is completely received, an internal signal 
(WDCNT1) is generated by the Word Gap Timer Circuit. 

• The Source/Destination (S/D) Decoder compares the 
user set code (X and Y) with Bits 9 and 10 of the Data 
Word. If the two codes are matched, a positive signal is 
generated to enable the WDCNT1 signal to latch in the 
received data. Otherwise, the data word is ignored and 
no latching action takes place. The S/D Decoder can be 
Enabled and Disabled by the control signa l S/D ENB. If 
the data word is latched, an indicator flag (D/R1) is set. 
This indicates a valid data word is ready to be fetched by 
the user. 
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• After the receiver data has been shifted down the shift 
register, it is placed in a holding register. The device 
ready flag will then be set indicating that data is ready to 
be fetched. If the data is ignored and left in the holding 
register, it will be written over when the next data word is 
received. 

The received data in the 32 bit holding register is placed 
on the bus in the form of two (2) 16 bit words regardless 
of whether the format is for 32 or 25 bit data words. Ei¬ 
ther word can be accessed first or repeatedly until the 
next received data word falls into the holding register. 

• The parity of the incoming word is checked and the 
status (i.e., logic “0” for odd parity and logic “1” for even 
parity) stored in the receiver latch and output on BD08 
during the Word No. 1. 

• Assuming the user desires to access the data, he first 
sets the Data Sele ct Lin e (SEL) to a Logic “0” level and 
pulses the Enable (EN1) line. This action causes the Data 
Selector (SEL1) to select the first-data word, which 
contains the label field and Enable it onto the Data Bus. 
To obtain the second data word, the user sets the SEL 
line to a Logic “1” level and pulse the Enable (EN1) line 
again. The Enable pulse duration is matched to the user 
circuit requirement needed to read the Data Word from 
the Data Bus. The seco nd En able pulse is also used to 
reset the Device Ready (D/R1) flip-flop. This completes a 
receiving cycle. 

Transmitter Operation 

The Transmitter section consists of an 8-word deep by 31 - 

Bit long FIFO Memory, Parity Generator, Transmitter Word 

Gap Timing Circuit and Driver Circuit. 

• The FIFO Memory is organized in such a way that data 
loaded in the input register is automatically transferred to 
the output register for Serial Data Transmission. This 
eliminates a large amount of data managing time since 
the data need not be clocked from the input register to 
the output register. The FIFO input register is made up of 
two sets of 16 D-type flip-fl ops, whi ch a r e clo cked by 
the two parallel load signals (PL1 and PL2). PL1 must al¬ 
ways precede PL2. Multiple PL I’s m ay occur and data 
will be written over. As soon as PL2 is received, data is 
transferred to the FIFO. The data from the Data Bus is 


clocked into the D-type flip-flop on the positive going 
edge of the PL signals. If the FIFO memory Is Initially 
empty, or the stack is not full, the data will be 
automatically transferred down the Memory Stack and 
into the output register or to the last empty FIFO storage 
register. If the Transmitter Enable signal (ENTX) is not 
active, a Logic “0”, the data remains at the output 
register. The FIFO Memory has storage locations to hold 
eight 31 -bit words. If ^ memory Is full and the new data 
Is again strobed with PL, the old data at the input register 
is written over by the new data. Data will remain in the 
Memory until ENTX goes to a Logic “1”. This activates 
the FIFO Clock and data is shifted out serially to the 
Transmitter Driver. Data may be loaded Into the FIFO 
only while ENTX is inactive (low). It is not possible to 
write da ta in to the FIFO while transmitting. WARNING: If 
PL1 or PL2 is applied while ENTX is high, i.e., while 
transmitting, the FIFO may be disrupted such that It 
would require a MR (Master Reset) signal to recover. 

• The Output Register of the FIFO is designed such that It 
can shift out a word of 24-Bits long or 31 -Bits long. This 
word length is again controlled by the WLSEL bit. The TX 
word Gap Timer Circuit also automatically inserts a gap 
equivalent to 4-Bit Times between each word. This gives 
a minimum requirement of 29-Bit time or 36-Bit time for 
each word transmission. Assuming the signal, ENTX, 
remains at a Logic “1”, a transfer to stack signal is 
generated to transfer the data down the Memory Stack 
one position. This action is continued until the last word 
is shifted out of the FIFO memory. At this time a 
Transmitter Ready (TX/R) flag is generated to signal the 
user that the Transmitter is ready to receive eight more 
data words. During transmission, if ENTX is taken low 
then high again, transmission will cease leaving a portion 
of the word untransmitted, and the data integrity of the 
FIFO will be destroyed. 

• A Bit Counter is used to detect the last Bit shifted out of 
the FIFO memory and appends the Parity Bit generated 
by the Parity Generator. The Parity Generator has a 
control signal, Parity Check (PARCK), which establishes 
whether odd or even parity is used in the output data 
word. PARCK set to a logic "0” will result in odd parity 
and when set to a logic 1 ” will result in even parity. 
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Sample Interface Technique 

with EN1, the second time, enables t he se cond 16-Bit word 
and resets the Receiver Ready Flag D/R1, The user should 
now reset the signal SEL to a Logic “0” state to ready the 
Receiver for another Read Cycle. During the time period 
that the user is fetching the received words, he can load the 
tran^itter. This is done by interlacing the PL signals with 
the EN signals as shown in the Timing Interval B. Servicing 
the Receiver 2 is similar and is illustrated by Timing interval 
C. Timing interval D shows the rest of the Transmitter load¬ 
ing sequence and the beginning of the transmission by 
switching the signal TX Enable to a Logic “1” state. Timing 
interval E is the time it takes to transmit all data from the 
FIFO Memory, either 288 Bit times or 232 Bit times. 

Repeater Operation 

This mode of operation allows a data word that has been 
received to be placed directly In the FIFO for transmission. 
A timing diagram is shown in Figure 6. A 32 bit word is used 
in this exam ple. The data word is shifted into the shift regi¬ 
ster and the D/R flag goes low. A logic “0” is placed on the 
SEL line and EN1 is strobed. This is the same as the normal 
receiver operation and plac es ha lf the data word (16 bi ts) on 
the data bus. By strobing PL1 at the same time as EN1, 
these 16 bits will be taken off the b us a nd placed in the 
FIFO. SEL is brought back high and EN1 Is strobed again 
for t he second 16 bits of the data word. Again by strobing 
PL2 at the same time the second 16 bits will be placed in 
the FIFO. The parity bit will have been stripped away leaving 
the 31 bit data word in the FIFO ready for transmission as 
shown in Figure 5. 



FIGURE 7. SINGLE CHIP ARINC 429 INTERFACE FUNCTIONAL BLOCK DIAGRAM 


From Figure 7, one can see that the Data Bus is time shared 
between the Receiver and Transmitter. Therefore, bus 
controlling must be synchronously shared between the 
Receiver and the Transmitter. 

Figure 1 shows the typical interface timing control of the 
ARINC Chip for Receiving function and for Transmitting 
function. Timing sequence for loading the Transmitter FIFO 
Memory is shown in Timing Interval A. A transmitter Ready 
(TX/R) Flag signals the user that the Transmitter Memory is 
empty. The user then Enables the Transmitter Data, a 16-Bit 
word, on the Data Bus and strobes the Transmitter with a 
Parallel Load (PL1) Signal. The second part of the 32-Bit 
word is similarly loaded into the Transmitter with PL2, which 
also initiates data transfer to stack. This is continuous until 
the Memory Is full, which is eight 31-Bit words. The user 
must keep track of the number of words loaded into the 
Memory to ensure no data is written over by other data. Dur¬ 
ing the time the user is loading the Transmitter, he does not 
have to service the Rece iver, even if the Receiver flags the 
user with the signal D/R1 that a valid received word is ready 
to be fetched. This is shown by the Timing interval B. If the 
user decides to obtain the received data before the Trans¬ 
mitter is com plet ely l oaded, he sets the two parallel load 
signals (PL1 and PL2) at a Logic “1 ” state, and strobes EN1 
while the sig nal S EL is at a Logic “0” state. After the nega¬ 
tive edge of EN1, the first 16-Bit segment of the received 
word becomes valid on the Data Bus. At the positive edge of 
EN1, the user should toggle the signal SEL to ready the 
Receiver for the second 16-Bit word. Strobing the Receiver 
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Specifications HS-3282 


Absolute Maximum Ratings 


Thermal information 


Supply Voltage. 7.0V 

Input, Output or I/O Voltage Applied 

(Except Pins 2-5).GND -0.3V to VDD +0.3V 

Input Voltage Applied (Pins 2-5).-29V to +29V 

Junction Temperature.+175^0 

Storage Temperature Range.-650C to+150<^C 

ESD Classification.Class “1 ” 

Lead Temperature (Soldering 10 sec).+300OC 


Thermal Resistance Qja ®jc 

Ceramic DIP Package. 720C/W 120C/W 

Ceramic LCC Package. 650C/W 10.3OC/W 

Package Power Dissipation at +1250C 

Ceramic DIP Package. 695mW 

Ceramic LCC Package. 769mW 

Gate Count. 2632 Gates 


CAUTION: Stresses in excess of those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress only ratings and 
operation of the device at these or any other conditions in excess of those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions 

operating Temperature Range Operating Voltage Range.4.75V to 5.25V 

HS-3282-5.OOC to +70^0 

HS-3282-8.-55OC to +125^0 


DC ELECTRICAL PERFORMANCE CHARACTERISTICS Vqq = 5V ± 5%; Ta = QOC to +70^0 (HS-3282-5), 

Ta = - 550c to +125OC (HS-3282-8) 





LIMITS 


D.C. PARAMETERS 

SYMBOL 

CONDITIONS 

MIN 

MAX 

UNITS 

ARINC INPUTS Pins 2-3,4-5 

Logic “1 ” Input Voltage 

VIH 

Vdd = 5.25V 

6.7 

13.0 

V 

Logic “0” Input Voltage 

VIL 

Vdd = 5.25V 

-13.0 

-6.7 

V 

Null Input Voltage 

VNUL 

Vdd = 4.75V, 5.25V 

-2.5 

+2.5 

V 

Common Mode Voltage 

VCH 

Vdd = 4.75V, 5.25V 

-5.0 

+5.0 

V 

Input Leakage 

IIH 

Vdd = 5.25V, 

VIN = ±6.5V 

- 

200 

jiA 

Input Leakage 

IIL 

Vdd = 5.25V, VIN = 0.0V 

-450 

- 

iiA 

Differential Input 

Rl 

Vdd = 5.25V, 

12 

- 

kfl 

Impedance 


VIN = +5V, -5V 




Input Impedance to VDD 

RH 

Vdd = 5.25V, VIN = ov 

12 

- 

kfl 

Input Impedance to GND 

RG 

Vdd = Open, VIN = 5.0V 

12 

- 

kfl 

BIDIRECTIONAL INPUTS Pins 11-20, 22-27 | 

Logic “1" Input Voltage 

VIH 

Vdd = 5.25V 

2.1 

■1 

V 

Logic “0" Input Voltage 

VIL 

Vdd = 4.75V 

- 

mm 

V 

Input Leakage 

IIH 

Vdd = 5.25V, VIN = 5.25V 

- 

■■ 

liA 

Input Leakage 

IIL 

Vdd = 5.25V, VIN = 0.0V 

-1.5 

■■ 

liA 

ALL OTHER INPUTS Pins 8-10,28,29,33,34,37,39 

Logic “1 ” Input Voltage 

VIH 

Vdd = 5.25V 

3.5 

- 

V 

Logic “0” Input Voltage 

VIL 

Vdd = 4.75V 

- 

0.7 

V 

Input Leakage 

IIH 

Vdd = 5.25V, VIN = 5.25V 

- 

10 

fiA 

Input Leakage 

IIL 

Vdd = 5.25V, VIN = 0.0V 

-75 

- 

mA 

OUTPUTS Pins 6,7,11 -20,22-27,30-32,38, Supply Pin 1 

Logic “1 ” Output Voltage 

VOH 

Vdd = 4.75V, 

IOH =-1.5mA 

2.7 

- 

V 

Logic “0” Output Voltage 

VOL 

Vdd = 4.75V 

IOL = 1.8mA 

- 

0.4 

V 

Standby Supply Current 

ICC1 

Vdd = 5.25V, VIN = ov 

Excepts, 10,29 = 5.25V 

- 

20 

mA 

Operating Supply Current 

ICC2 

Vdd = 5.25V, VIN = 5.25V 

Except8,33 = 0.0V, 

CLK = 1MHz 


20 

mA 
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Specifications HS-3282 


AC ELECTRICAL PERFORMANCE CHARACTERISTICS Vqd = 5V ± 5%; Ta = 0^0 to +70^0 (HS-3282-5), 

Ta = - 550 c to +I25OC {HS-3282-8) 


A.C. PARAMETERS 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX 

Clock Frequency 

Data Rate 1 / 

Data Rate 2/ 

Master Reset Pulse Width 

FC 

FD 

FD 

TMR 

Vdd = 4.75V, 5.25V 

200 

1 

100 

12.5 

MHz 

kHz 

kHz 

ns 


RECEIVER TIMING 


Receiver Ready Time TD/R2 

From 32nd Bit1/ 

Receiver Ready Time TD/R2 

From 32nd Bit 2/ 

Device Ready to Enable Time TD/REN 

Data Enable Pulse Width TEN 

Data Enable to Data TENEN 

Enable Time 

Data Enable to Device TEND/R 

Ready Reset Time 

Output Data Valid to TENDATA 

Enable Time 

Data Enable to Data TENSEL 

Select Time 

Data Select to Data TSELEN 

Enable Time 

Output Data Disable Time TDATAEN 


CONTROL WORD TIMING 


Control Word Strobe 
Pulse Width 

Control Word Setup Time 
Control Word Hold Time 


TRANSMITTER FIFO Write Timing 


Parallel Load Pulse Width TPL 

Parallel Load to Parallel TPL12 

Load 2 Delay 

Transmitter Ready Delay Time TTX/R 

Data Word Setup Time TDWSET 

Data Word Hold Time TDWHLD 


TRANSMITTER Output Timing 



TCWSTR Vdd = 4.75V, 5.25V 


TCWSET 

TCWHLD 


Vdd = 4.75V, 5.25V 


Enable Transmit to Output 

Data Valid Time 1/ 

TENDAT 

Vdd == 4.75V, 5.25V 

1 

- 

25 

MS 

Enable Transmit to Output 

Data Valid Time 2/ 

TENDAT 



- 

200 

MS 

Output Data Bit Time 1/ 

TBIT 



4.95 

5.05 

MS 

Output Data Bit Time 2/ 

TBIT 



39.6 

40.4 

MS 

Output Data Null Time 1/ 

TNULL 



4.95 

5.05 

MS 

Output Data Null Time 2/ 

TNULL 



39.6 

40.4 

MS 

Data Word Gap Time 1 / 

TGAP 



39.6 

40.4 

MS 

Data Word Gap Time 2/ 

TGAP 



316.8 

323.2 

MS 

Data Transmission Word to 

TX/R Set Time 

TDTX/R 



“ 

400 

ns 

Enable Transmit Turnoff Time 

TENTX/R 



0 

- 

ns 


REPEATER OPERATION TIMING 


Data Enable to Parallel 
Load Delay Time 
Data Enable Hold for 
Parallel Load Time 
Enable Transmit Delay Time 


NOTES: 1. 100kHz Data Rate. 



Vdd = 4.75V, 5.25V 



12.5kHz Data Rate. 
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Specifications HS-3282 


ELECTRICAL PERFORMANCE CHARACTERISTICS Vqd = 5V ± 5%; Ta = 0^0 to +70OC (HS-3282-5), 

Ta = - 550c to +1250c {HS-3282-8) 



Differential Input Capacitance 


Input Capacitance to Vdd 


Input Capacitance to GND 


Input Capacitance 


Output Capacitance 


Clock Rise Time 


Clock Fall Time 


Input Rise Time 


Input Fall Time 



Vdd = Open, f = 1 MHz, Note 2,3 


Vdd = OND, f = 1 MHz, Note 2,3 


Vdd = open, f = 1 MHz, Note 2,3 


Vdd = open, f = 1 MHz, Note 2,4 


Vdd = ^ MHz, Note 2, 5 


CLK = 1 MHz, From 0.7V to 3.5V 


CLK = 1 MHz, From 3.5V to 0.7V 


From 0.7V to 3.5V, Note 6 


From 3.5V to 0.7V, Note 6 


NOTES 1. The parameters listed in this table are controlled via design or 
process parameters and are not directly tested These parame¬ 
ters are characterized upon initial design and after major 
process and/or design changes affecting these parameters. 

2 All measurements are referenced to device GND 


3 Pins 2-3, 4-5. 

4 Pins 8-10, 28, 29, 33, 34, 37, 39. 

5. Pins 6, 7, 11-20, 22-27, 30-32, 38. 

6. Pins 8-20, 22-29, 33, 34. 
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Timing Waveforms 


- r irinririirinmnrT-rn^^ — 


TIME INTERVAL A j TIME INTERVAL B 
BUS IS BEING USED AS AN OUTPUT. 


TIME INTERVAL C j TIME INTERVAI 
)CIX BUS IS BEING USED AS AN INPUT. 


I TIME 

TIME INTERVAL D I INTERVAL 


FIGURE 1. TYPICAL INTERFACE TIMING SEQUENCE 



h -*i 


1^‘DATAEN ^ 

tENDATA 1 

[*■ 

J 

V 1 

> - 



FIGURE 2. RECEIVER TIMING 


- tCWSET 
CONTROL WORD 


FIGURE 3. CONTROL WORD TIMING 
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HS-3282 CERAMIC LCC 


NOTES: 

1. Resistors = 47kn, 5%, 

1/4 Watt (Min) 

2. GND = Ground 

3. VDD = +5.5V; ±0.5V 

4. -C = 0.01 pF/Socket (Min) 

5. FO = 100kHz 
FI = FO/2 


NC 
NC 
F9 
VDD 
F8 
FI 5 
F14 
FI 3 
FI 2 
F11 


N/C 

N/C 

Vdd 

GND 

NC 

N/C 

N/C 

F8 

F8 

FO 

FI 


F15 = FI 4/2 
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Metallization Topology 

DIE DIMENSIONS: 

246 X 224 X 19 mils 
(6250 X5700 x 483 fim) 

METALLIZATION: 

Type; Si-AI 

Thickness; 11kA ± 2kA 
GLASSIVATION: 

Type; Si02 
Thickness; 8kA ± 1kA 

DIE ATTACH: 

Material; Gold/Silicon Eutectic Alloy 
Temperature; Ceramic DIP — 460^0 (Max) 
Ceramic LCC — 420OC (Max) 
WORST CASE CURRENT DENSITY: 

2 X 105 A/cm2 

LEAD TEMPERATURE (10 sec soldering) 

< 300OC 


Metallization Mask Layout 


EN2 (10) b 



g (34) CWSTR 


q (30) TX/R 
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SEMICONDUCTOR 


ICL232 

+ 5 Volt Powered Dual RS-232 
T ransmitter/Receiver 


GENERAL DESCRIPTION 

The ICL232 is a dual RS-232 transmitter/receiver inter¬ 
face circuit that meets all EIA RS-232C specifications. It 
requires a single + 5V power supply, and features two on¬ 
board charge pump voltage converters which generate 
+ 10V and -10V supplies from the 5V supply. 

The drivers feature true TTL/CMOS input compatibility, 
slew-rate-limited output, and 300 ohms power-off source 
impedance. The receivers can handle up to ± 30 volts, and 
have a 3 to 7 kilohms input impedance. The receivers also 
have hysteresis to improve noise rejection. 

Typical Applications 

Any System Requiring RS-232 Communications Port: 

• Computers—Portable and Mainframe 

• Peripherals—Printers and Terminals 

• Portable Instrumentation 

• Modems 

• Dataloggers 

ORDERING INFORMATION 



FEATURES 

• Meets All RS-232C Specifications 

• Requires Only Single + 5V Power Supply 

• Onboard Voltage Quadrupler 

• Low Power Consumption 

• 2 Drivers 

—±9V Output Swing for +5V Input 
—300 Ohms Power-off Source Impedance 
—Output Current Limiting 
—TTL/CMOS Compatible 
—30 V/us Maximum Slew Rate 

• 2 Receivers 

—±30V Input Voltage Range 

—3 to 7 kohms Input Impedance 

—0.5V Hysteresis to Improve Noise Rejection 

• Ali Critical Parameters are Guaranteed Over the 
Entire Commercial, Industrial and Military 
Temperature Ranges 


♦5V TO ♦10 V 
VOLTAGE DOUBLER 



Figure 2: ICL232 Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 

Vcc to ground.(GND - 0.3V) < Vcc < 6V 

V+ to ground.(Vcc - 0-3V) < V+ < 12V 

V- to ground.-12V < V“ < (GND + 0.3V) 

Input Voltages 

T1in,T2,n.(V- - 0.3V) < V,n < (V+ + 0.3V) 

R1in.R2in .±30V 

Output Voltages 

TI 0 UT. T2ouT • (V” - 0.3V) < VjxoUT < (V*" + 0.3V) 

RIqUT. R2ouT... 

.(GND - 0.3V) < VrxouT < (V^ 4- 0.3V) 

Short Circuit Duration 

TIout. T’2out .Continuous 

R'Iout. R2out .Continuous 

Continuous Total Power Dissipation (Ta = 25^) 

CERDIP Package.500mW 

derate -9.5 mW/“C above 70^ 

Plastic Package.375mW 

derate -7.0 mW/"C above 70“C 


ELECTRICAL CHARACTERISTICS Test Conditions: Vcc = +5V ±10%, Ta = operating temperature range, 
Test Circuit as in Figure 3 (unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

Tout 

Transmitter Output Voltage Swing 

T10UT spci T2out loaded with 

3 kfl to ground 

±5 

±9 


D 

•cc 

Power Supply Current 

Outputs Unloaded, Ta = 25°C 


5 

10 

mA 

V|L 

Tin, Input Logic Low 




0.8 

V 

V|H 

Tin, Input Logic High 


2.0 



V 

'p 

Logic Pullup Current 

T1,n,T2in = 0V 


15 

200 

julA 

Vin 

RS-232 Input Voltage Range 


-30 


+ 30 

V 

Rin 

Receiver Input Impedance 

V,n = ±3V 

3.0 

5.0 

7.0 

kft 

V|N (H-L) 

Receiver Input Low Threshold 

Vcc = 5.0V, Ta = 25“C 

0.8 

1.2 


V 

V,N (L-H) 

Receiver Input High Threshold 

Vcc = 5.0V, Ta = 25“C 


1.7 

2.4 

V 

Vhyst 

Receiver Input Hysteresis 


0.2 

0.5 

1.0 

V 

VoL 

TTL/CMOS Receiver Output Voltage Low 

lout ~ 3.2mA 


0.1 

0.4 

V 

VOH 

TTL/CMOS Receiver Output Voltage High 

lout — — 1.0mA 

3.5 

4.6 


V 

tpd 

Propagation Delay 

RS-232 to TTL or TTL to RS-232 


0.5 


fxs 

SR 

Instantaneous Slew Rate 

C|_ = 10 pF, Rl = 3 kft, 

Ta = 25"C (Note 1,2) 



30 

V/jLtS 

SRt 

Transition Region Slew Rate 

Rl = 3 kSl, Cl = 2500 pF Measured 
from +3Vto -3Vor -3Vto +3V 


3 


V/|uiS 

Rout 

Output Resistance 

Vcc = V+ = V- = OV, Vout = ±2V 

300 



ft 

isc 

RS-232 Output Short Circuit Current 

T1 out or T2out shorted to GND 

_1 

_£|0j 


mA 


NOTE 1: Guaranteed by design. 

2: See Figure 5 for definition. 


SO Package.375 mW 

derate - 7.0 mW/^C above 70“C 

Storage Temperature Range.— 65®C to + 150®C 

Lead Temperature (Soldering, 10 sec).± 300“C 

Operating Temperature Range 

ICL232C.0“Cto +70“C 

ICL232I.-40‘’Cto +85'’C 

ICL232M.-55“Cto +125“C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated m the operational sections of the specifications is not 
implied Exposure to absolute maximum rating conditions for extended pen- 
ods may affect device reliability. 


NOTE AH typical values have been charactenzed but are not tested 
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V+, V- Output Voltages vs Load 
Current 



0 123456789 10 


INPUT SUPPLY VOLTAGE Vcc (VOLTS) 

0100-5 


I'loadI 

0100-6 


NOTE: AO fyfxcal vak/es have been characterized but are not tested. 
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DETAILED DESCRIPTION 

The ICL232 is a dual RS-232 transmitter/receiver pow¬ 
ered by a single + 5V power supply which meets all EIA RS- 
232C specifications and features low power consumption. 
The functional diagram (Figure 2) illustrates the major ele¬ 
ments of the ICL232. The circuit is divided into three sec¬ 
tions: a voltage quadrupler, dual transmitters, and dual re¬ 
ceivers. 

Voltage Converter 

An equivalent circuit of the dual charge pump is illustrated 
in Figure 5. 



Figure 6: Slew Rate Definition 


The voltage quadrupler contains two charge pumps which 
use two phases of an internally generated clock to generate 
+ 10V and -10V. The nominal clock frequency is 16 kHz. 
During phase one of the clock, capacitor Cl is charged to 
Vcc- During phase two, the voltage on Cl is added to Vcc, 
producing a signal across C2 equal to twice Vcc- At the 
same time, C3 is also charged to 2Vcc, and then during 
phase one, it is inverted with respect to ground to produce a 
signal across C4 equal to -2Vcc. The voltage converter 
accepts input voltages up to 5.5V. The output impedance of 
the doubler (V+) is approximately 200 ohms, and the output 
impedance of the inverter (V~) is approximately 450 ohms. 
Typical graphs are presented which show the voltage con¬ 
verters output vs input voltage and output voltages vs load 
characteristics. The test circuit (Figure 3) uses 22 uF capac¬ 
itors for C1-C4, however, the value Is not critical. Increasing 
the values of Cl and C2 will lower the output Impedance of 
the voltage doubler and Inverter, and increasing the values 
of the reservoir capacitors, C3 and C4, lowers the ripple on 
the V+ and V“ supplies. 


Transmitters 

The transmitters are TTL/CMOS compatible inverters 
which translate the inputs to RS-232 outputs. The input log¬ 
ic threshold is about 26% of Vcc. o*' ^ -3^ for Vcc 5V. A 
logic 1 at the input results in a voltage of between - 5V and 
V” at the output, and a logic 0 results In a voltage between 
+ 5V and (V+ -0.6V). Each transmitter input has an inter¬ 
nal 400 kilohm pullup resistor so any unused input can be 
left unconnected and its output remains In its low state. The 
output voltage swing meets the RS-232C specification of 
± 5V minimum with the worst case conditions of: both trans¬ 
mitters driving 3kohm minimum load Impedance, 
Vcc = 4.5V, and maximum allowable operating tempera¬ 
ture. The transmitters have an internally limited output slew 
rate which is less than 30V/us. The outputs are short circuit 
protected and can be shorted to ground indefinitely. The 
powered down output impedance is a minimum of 300 
ohms with ± 2V applied to the outputs and Vcc = OV. 




NOTE AH typical values have been charactenzed but are not tested 
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Receivers 


The receiver inputs accept up to ±30V while presenting 
the required 3 to 7 kiiohms input impedance even if the 
power is off (Vcc=OV). The receivers have a typical Input 
threshold of 1.3V which is within the ±3V limits, known as 
the transition region, of the RS-232 specification. The re¬ 
ceiver output is OV to Vcc- The output will be low whenever 
the input is greater than 2.4V and high whenever the input is 
floating or driven between -f 0.8V and -30V. The receivers 
feature 0.5V hysteresis to improve noise rejection. 





Tccw- 


-30V<Rxw<*30V|5^^ 

iX/""'".. ORquT 

0ND<VpoyT^''cC 

0100-14 

Figure 8: Receiver 



APPLICATIONS 

The ICL232 may be used for all RS-232 data terminal and 
communication links, it is particularly useful in applications 
where ±12V power supplies are not available for conven¬ 
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 

A simple duplex RS-232 port with CTS/RTS handshaking 
is illustrated in Figure 10. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 
Is generated by driving them through a 5 kft resistor con¬ 
nected to V+. 

in applications requiring four RS-232 inputs and outputs 
(Figure 11), note that each circuit requires two charge pump 
capacitors (Cl and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res¬ 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which ef¬ 
fectively increases the output swing of the transmitters. 



NOTE: AH typical vaiuas have been characterized but are not tested. 
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M77E* AH typical values have been characteraed but are not tested. 
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LOW VOLTAGE DATA RETENTION. 6-3 

INDUSTRY CMOS RAM CROSS REFERENCE. 6-4 

CMOS MEMORY DATASHEETS 
<1K - ASYNCHRONOUS RAMs 

CDP1821C/3 1K X 1 Asynchronous RAM. 6-5 

CDP1822, C 256 x 4 Asynchronous RAM. 6-10 

CDP1822C/3 High-Reliability 256 x 4 Asynchronous RAM. 6-16 

CDP1823, C 128 X 8 Asynchronous RAM. 6-21 

CDP1823C/3 High-Reliabilty 128 x 8 Asynchronous RAM. 6-27 

CDP1824, C 32 X 8 Asynchronous RAM. 6-32 

CDP1824/3, C/3 High-Reliability 32 x 8 Asynchronous RAM. 6-37 

CDP1826C 64 X 8 Asynchronous RAM. 6-42 

MWS5101, A 256 x 4 Asynchronous RAM. 6-49 

IK - SYNCHRONOUS RAMs 

HM-6508 1K X 1 Synchronous RAM. 6-54 

HM-6508/883 1K x 1 Synchronous RAM. 6-59 

HM-6518 1K X 1 Synchronous RAM. 6-67 

HM-6518/883 1K x 1 Synchronous RAM. 6-72 

HM-6551 256 X 4 Synchronous RAM. 6-80 

HM-6551/883 256 x 4 Synchronous RAM. 6-85 

HM-6561 256 X 4 Synchronous RAM. 6-93 

HM-6561/883 256 x 4 Synchronous RAM. 6-98 

4K - SYNCHRONOUS RAMs 

HM-6504 4K x 1 Synchronous RAM. 6-106 

HM-6504/883 4K x 1 Synchronous RAM. 6-112 

HM-6514 IK X 4 Synchronous RAM. 6-120 

HM-6514/883 1K x 4 Synchronous RAM. 6-126 


CMOS MEMORY INDEX Continued on page 6-2 
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4K - ASYNCHRONOUS RAM 

MWS5114 1K X 4 Asynchronous RAM. 6-134 

16K - SYNCHRONOUS RAM 

HM-6516 2K X 8 Synchronous RAM... 6-138 

HM-6516/883 2K x 8 Synchronous RAM. 6-144 

16K - ASYNCHRONOUS RAMs 

HM-65162 2K X 8 Asynchronous RAM. 6-152 

HM-65162/883 2K x 8 Asynchronous RAM. 6-159 

HM-65262 16K x 1 Asynchronous RAM. 6-169 

HM-65262/883 16K x 1 Asynchronous RAM. 6-175 

64K - ASYNCHRONOUS RAM 

HM-65642 8K x 8 Asynchronous RAM. 6-183 

HM-65642/883 8K x 8 Asynchronous RAM. 6-190 

CMOS RAM MODULES 

HM-6564 64K Synchronous RAM Module. 6-199 

HM-8808, A 8K X 8 Asynchronous RAM Modules. 6-205 

HM-8816H 16K X 8 Asynchronous RAM Module. 6-213 

HM-8832 32K x 8 Asynchronous RAM Module. 6-218 

HM-92560 256K Synchronous RAM Module. 6-222 

HM-92570 256K Buffered Synchronous RAM Module. 6-227 

HM-91 M2 1 M-Bit Asynchronous RAM Module. 6-232 

CMOS PROMs 

HM-6642 512x8 Fuse Link PROM. 6-239 

HM-6642/883 512 x 8 Fuse LinkPROM. 6-246 

HM-6617 2K X 8 Fuse Link PROM. 6-254 

HM-6617/883 2K x 8 Fuse Link PROM. 6-261 

IM6654 512 x 8 UV EPROM. 6-268 
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HM-XXXX Series Low Voltage Data Retention 


HARRIS HM-XXXX Series CMOS RAMs are designed with 
battery backup in mind. Data retention voltage and supply 
current are guaranteed over temperature. The following rules 
insure data retention: 

1. Chip Enable (E) must be held high during data retention; within 
VCC to VCC +0.3V 

2. On RAMs which have selects or output enables (e.g. S, G), one 
of the selects or output enables should be held in the deselected 
state to keep the RAM outputs high impedance, minimizing pow¬ 
er dissipation. 


3. All other inputs should be held either high (at CMOS VCC) or at 
ground to minimize ICCDR. 

4. Inputs which are to be held high (e.g. E) must be kept between 
VCC +0.3V and 70% of VCC during the power up and power 
down transitions. 

5. The RAM can begin operation one TEHEL (for synchronous 
RAMs) and >5ns (for asynchronous RAMs) after VCC reaches 
the minimum operating voltage (4.5 volts). 


DATA RETENTION TIMING 
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HARRIS CMOS RAMs 


Industry CMOS 


DESCRIPTION 
IK CMOS RAMs 


FUJI- HIT- 

HARRIS AMD EDI TSU ACHI IDT 


HM-6508 

“ 

■ 

8401 

■ 

HM-6518 

■ 

■ 

* 

■ 

HM-6551 

■ 

■ 

* 

■ 

HM-6561 

■ 

■ 

■ 

■ 


4K CMOS RAMs 

4K X 1,18 Pin Synchronous I HM-6504 | 92L44 


8404 4315 

6147 


1Kx4,18 Pin Synchronous HM-6514 91L14 

91L24 


8414 4334 

6148 


h6K CMOS RAMs 


HM-6516 


2Kx 8,24 Pin Asynchronous HM-65162 


16Kx 1,20 Pin Asynchronous HM-65262 


6116 

6116 

6167 

6167 


64K CMOS RAMs 


8Kx 8,28 Pin Asynchronous I HM-65642 99C88 8808A 8464 6264 7164 


HM-8808A* 

HM-8808* 


128KCMOS RAM MODULE 


16K X 8 , 28 Pin Asynchronous HM-8816H 


256KCMOS RAM MODULE 


32K X 8/16K X 16 48 Pin Module 
Asynchronous 

HM-92560 

HM-92570 

32K X 8 28 Pin Module 
Asynchronous 

HM-8832 

[IMCMOS MODULE 

|l28x8/64Kx16 | 

HM-91M2 

•CMOS RAM Module 




Cross Reference 
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CDP1821C/3 


February 1992 


High-Reliability CMOS 
1024-Word x 1-Bit Static RAM 


Features 

• Static CMOS Silicon-On-Sapphire Circuitry-CD4000- 
Series compatible 

• Compatible with CDP1800-Series Microprocessors at 
Maximum Speed 

• Fast Access Time.100ns Typ. @ Vqq = 5V 

• Single voltage Supply 

• No Precharge or External Clocks Required 

• Low Quiescent and Operating Power 

• Separate Data Inputs and Outputs 

• High Noise Immunity.30% of Vqq 

• Memory Retention for 

Standby Battery Voltage Down to 2V @ +25°C 

• Latch-Up-Free Transient-Radiation Tolerance 

Ordering Information 


PACKAGE 

Ceramic DIP 


TEMP. RANGE ORDER CODE 

-55°C to +125°C CDP1821CD3 


Description 

The CDP1821C/3 is a 1024-word x 1 bit CMOS silicon-on- 
sapphire (SOS), fully static, random-access memory 
designed for use in CDP1800 microprocessor systems. This 
device has a recommended operating voltage range of 4 to 
6.5 volts. 

The output state of the CDP1821C/3 is a function of the 
Input address and chip-select states only. Valid data will 
appear at the output In one access time following the latest 
address change to a selected chip. After valid data appears, 
the address may be changed Immediately. It is not neces¬ 
sary to clock the chip-select input or any other Input terminal 
for fully static operation; therefore the chip-select input may 
be used as an additional address input. When the device is 
in an unselected state (CS = 1), the internal write circuitry 
and output sense amplifier are disabled. This feature allows 
the three-state data outputs from many arrays to be OR-tled 
to a common bus for easy memory expansion. 

The CDP1821C/3 Is supplied in the 16-lead hermetic dual- 
in-line side-brazed ceramic package (D suffix) that conforms 
to MIL-M-38510 Case Outline D-2. 



Functional Block Diagram 


— 


— 


IS *32 

C^LL ARRAY 







READ/WRITE CHIP-SELECT 
MODE R/W CS 


Standby 


Write 


Read 


X = Don’t Care Logic 1 = High Logic 0 = Low 


DATA OUTPUT DO 


High Impedance 


High impedance 


Contents of Addressed Call 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 _ 


File Number 2983 
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Specifications CDP1821C/3 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vqd) Device Dissipation Per Output Transistor 

(All Voltages Referenced to Vss Terminal).-0.5V to +7V Ta = Full Package Temperature Range 

Input Voltage Range, All Inputs.-0.5V to Vdq +0.5V (All Package Types).lOOmW 

DC Input Current, Any One Input.±10mA Operating Temperature Range (Ta) .-55®C to +125®C 

Power Dissipation Per Package (Pq) Storage Temperature Range (T,|g).-65®C to +150®C 

Ta -55°C to +100°C. 500mW Lead Temperature (During Soldering): 

Ta = +100®C to +125®C.Derate Linearly at At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

12mW/®C to 200mW from case for 10s max.+265®C 

Recommended Operating Conditions Ta - Full Package-Temperature Range, For maximum reliability, nominal operating con¬ 
ditions should be selected so that operation is aiweys within the following ranges: 



Static Electricai Characteristics Voo » 5V 5% 



NOTES: 

1. Limits designate 100% testing. All other limits are designer's pa- 2. Measured with 1 -ps read-cycle time and outputs floating, 
rameters under given test conditions and do not represent 100% 
testings 
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Specifications CDP1821C/3 


Read Cycle Dynamic Electrical Characteristics v t, = ions, = sopF 


CHARACTERISTIC 

SYMBOL 

Vdo 

(V) 

Data Access Time (Note 1) 

(da 

5 

Read Cycle Time 

(rc 

5 

Output Enable Time 

tEN 

5 

Output Disable Time 

(dis 

5 



NOTE: 1. 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing. 


(NOTE 2) 



R/W 

(NOTE 3) 


^•♦OOhH“(NOTE 5) 


DATA OUT 

(NOTE 5) 


DATA OUT 
VALID 


HIGH 

Impedance 


1. Chip-Select (CS) permitted to change from high to low level or remain low on a selected device. 

2. Chip-Select (CS) permitted to change from low to high level or remain low. 

3. Read/Write (R/W) must be at a high level during all address transitions. 

4. Don’t care. 

5. Data-Out (DO) is a high impedance within tpis ns after the falling edge of R/W or the rising edge of CS. 

FIGURE 2. READ CYCLE TIMING DIAGRAM 
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Specifications CDP1821C/3 


Write Cycle Dynamic Electrical Characteristics t„ t, = ions, = sopF 




■1 

CHARACTERISTIC 

SYMBOL 

(V) 

Write Cycle Time 

♦wc 

5 

Address Setup Time (Note 1) 

Us 

5 

Address Hold Time (Note 1) 

Uh 

5 

Input Data Setup Time (Note 1) 

tos 

5 

Input Data Hold Time (Note 1) 

toH 

5 

Read/Write Pulse Width Low (Note 1) 

twL 

5 



NOTE; 1. 100% testing. other limits are designer’s parameters under given test conditions and do not represent 100% testing. 


CS /(NOTE I) 



tAC 

(NOTE 3) AS 



NOTES; 

1. Chip-Select (C5) permitted to change from high to low level or remain low on a selected device. 

2. Chip-Select (CS) permitted to change from low to high level or remain low. 

3. Don’t care. 

FIGURE 3. WRITE CYCLE TIMING DIAGRAM 
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Specifications CDP1821C/3 


Data Retention Characteristics 



-55°C, +25°C 


Vdd 






(V) 

MIN 

MAX 

MIN 

MAX 

UNITS 



Minimum Data Retention Voltage 
(Note 1) 


Data Retention Quiescent Current 
(Note 1) 


Chip Deselect to Data Retention Time tcoR 


Recovery to Normal Operation Time tpc 


NOTE: 1. 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing 

•-DATA RETENTION-H 

MODE 


^95Voo 


095V001 


Burn-in Circuit 


FIGURE 4. LOW Vdd DATA RETENTION WAVEFORMS AND TIMING DIAGRAM. 


0 1.6 2.2 5.0 6.6 7.2 10.0 (xs 

1-1 i-i-i j-^- Vqd 


R s 8.2kn 20% 
R| s 2ka 20% 


ler 

R 

® Vdo 

ii- 

iiTU 


- A10 

14/— 

iil- 

i3- 

771— 

R 

“VA- 

R 

“VvV- 

- A9 

- A8 

nn 

-.•yyy. 

R 

—AAA — 

“ A7 

10J— 

TV- 

“WV“ 

R 

“ A6 

- A5 


PACKAGE Vqd temperature DURATION 


A1 - All ARE DIVISION BY 2 BASED ON AO. 



FIGURE 5. DYNAMIC/OPERATING BURN-IN CIRCUIT AND TIMING DIAGRAM. 
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Ordering Information 


TEMPERATURE 


Plastic DIP 

-40°C to +85°C 

CDP1822CE 

Burn-In 


CDP1822CEX 

Ceramic DIP 

-40°C to +85®C 

CDP1822CD 

Burn-In 


CDP1822CDX 

•883B 

-55°C to +125°C 

CDP1822CD3 




SEMICONDUCTOR 


February 1992 


Features 

• Low Operating Current 

- Vd 0 = 5V, Cycle Time Ijis. 8 mA 

• industry Standard Pinout 

• TWO Chip-Select inputs-Simple Memory Expansion 

• Memory Retention for Standby Battery Voitage of 2V 
Minimum 

• Output-Disabie for Common I/O Systems 

• 3-State Data Output for Bus-Oriented Systems 

• Separate Data Inputs and Outputs 


CDP 1822 C 

256-Word x 4-Bit 
LSI Static RAM 


•Respective specifications are included at the end of this datasheet. 


Description 

The CDP1822 and CDP1822C are 256-word by 4-bit static 
random-access memories designed for use in memory sys¬ 
tems where high speed, low operating current, and simplicity 
in use are desirable. The CDP1822 features high speed and 
a wide operating voltage range. Both types have separate 
data inputs and outputs and utilize single power supplies of 4 
volts to 6.5 volts for the CDP1822C and 4 volts to 10.5 volts 
for the CDP1822. 

Two Chip-Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output sys¬ 
tems. The Output Disable input allows these RAMs to be 
used in common data Input/Output systems by forcing the 
output into a high-impedance state during a write operation 
independent of the Chip-Select input condition. The output 
assumes a high-impedance state when the Outp ut Dis able is 
at high level or when the chip is deselected by CS1 and/or 
CS2. 

The high noise immunity of the CMOS technology is pre¬ 
served in this design. For TTL interfacing at 5V operation, 
excellent system noise margin is preserved by using an 
external pull-up resistor at each input. 

The CDP1822 and CDP1822C types are supplied in 22-lead 
hermetic dual-in-line sidebrazed ceramic packages (D suf¬ 
fix), in 22-lead dual-in-line plastic packages (E suffix). The 
CDP1822C is also available in chip form (H suffix). 


OPERATIONAL MODES 


INPUTS 



OUTPUT 


Read 


Data In 


High Impedance 


High Impedance 


High Impedance 


High Impedance 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications CDP1822, CDP1822C 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vqq): 

(All Voltages Referenced to Vss Terminal) 

CDP1822.-0.5V to+11V 

CDP1822C.-0.5Vto+7V 

Input Voltage Range, All Inputs.-0.5V to Vqd +0.5V 

DC Input Current, Any One Input.±10mA 

Power Dissipation Per Package (Pq) 

Ta = - 40^0 to +60°C (Package Type E). 500mW 

Ta = +60°C to +85°C (Package Type E).Derate Linearly at 

12mW/°C to 200mW 

Ta = -55°C to +100°C (Package Type D). 500mW 

Ta = +100°C to +125°C (Package Type D)_Derate Linearly at 

12mW/°C to 200mW 


Device Dissipation Per Output Transistor 
Ta = Full Package Temperature Range 

(All Package Types).100mW 

Operating Temperature Range (Ta): 

Package Type D.-55°C to +125°C 

Package Type E.-40°C to +85°C 

Storage Temperature Range (Tgtg).-65°C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 




Recommended Operating Conditions At Ta = Full Package Temperature Range.For maximum reliability, operating conditions 

should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 



Static Electrical Characteristics 


CHARACTERISTIC 


Quiescent Device 
Current 


Output Low (Sink) 
Current 


Output High (Source) 
Current 


Output Voltage 
Low-Level 


Output Voltage 
High-Level 


Input Low Voltage 


At Ta = -40°C to +85°C, Except as Noted: 




Input High Voltage 


Input Leakage Current 


Operating Current 
(Note 2) 


3-State Output Leakage 
Current 


Input Capacitance 


Output Capacitance 


NOTES: 

1. Typical values are for Ta = +25°C and nominal Vdq. 

2. Outputs open circuited; Cycle time = 1ps 


pA 


pA 


mA 


mA 


mA 


mA 
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CDP1822, CDP1822C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ±5%, 
Input tr,tf = 20 ns, V|h = 0.7 Vdd> V|l = 0.3 Vdd. Cl = 100 pF 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

Vdd 

CDP1822 

CDP1822C 

UNITS 



(V) 

Mln.t 

Typ.* 

Max. 

Mln.t 

Typ/ 

Max. 


Read Cycle Times (Fig. 1) | 

Read Cycle 

tec 

5 

450 

— 

— 

450 

— 




1 

10 

250 

— 

— 

— 

— 

— 


Access from Address 

tAA 

5 

— 

250 

450 

— 

250 

450 




10 

— 

150 

250 

— 

— 

— 


Output Valid from 


5 

— 

250 

450 

— 

250 

450 


Chip-Select 1 

toOAl 

10 

— 

150 

250 

— 

— 

— 


Output Valid from 


5 

— 

250 

450 

— 

250 

450 


Chip-Select 2 

tooAa 

10 

— 

150 

250 

— 

— 

— 

ns 

Output Valid from 


5 

— 

— 

200 

— 

— 

200 

Output Disable 

tDOA3 

10 

— 

— 

110 

— 

— 

— 


Output Hold from 


5 

20 

— 

— 

20 

— 

— 


Chip-Select 1 

toOHI 

10 

20 

— 

— 

— 

— 

— 


Output Hold from 


5 

20 

— 

— 

20 

— 

— 


Chip-Select 2 

tDOH2 

10 

20 

— 

— 

— 

— 

— 


Output Hold from 


5 

20 

— 

— 

20 

— 

— 


Output Disable 

toOHS 

10 

20 

— 

— 

— 

— 

— 



tTime required by a limit device to allow for indicated function 
‘Typical values are forlA = 25° C and nominal Vdd 



Fig. 1 - Read cycle timing waveforms. 




CDP1822, CDP1822C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vdd ±5%, 
Input tr,tf = 20 ns, V|h = 0.7 Vdd» V|l = 0.3 Vdd. Cl = 100 pF 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 


Vdd 

CDP1822 

CDP1822C 

UNITS 



(V) 

Min.t 

Typ/ 

Max. 

Min.t 

Typ.* 

Max. 


Write Cycle Times (Fig. 2) 1 



5 

500 

_ 

_ 

500 

_ 

_ 


Write Cycle 

twc 

10 

300 

— 

— 


— 

— 




5 

200 

_ 

_ 

200 

_ 

_ 


Address Set-Up 

tAS 











10 

110 

— 

— 

— 

““ 

— 




5 

50 

_ 

_ 

50 

_ 

_ 


Write Recovery 

twR 

10 

40 

— 

— 


— 

— 




5 

250 

_ 

_ 

250 

_ 

_ 


Write Width 












10 

150 

— 

— 

— 

— 

— 


Input Data 


5 

250 

— 

— 

250 

— 

— 


Set-Up Time 

tos 

10 

150 

— 

— 


— 

— 




5 

50 

_ 

_ 

50 

_ 

_ 


Data In Hold 









ns 



10 

40 

— 

— 

— 

— 

— 


Chip-Select 1 Set-Up 

tC^IS 

5 

200 

— 

— 

200 

— 

— 




10 

110 

— 

— 


— 

— 




5 

200 

_ 

_ 

200 

_ 

_ 


Chip-Select 2 Set-Up 

tcS2S 

10 

110 

— 

_ 


— 

— 




5 

0 



0 




Chip-Select 1 Hold 

tcSIH 











10 

0 

— 

— 

0 

— 

— 




5 

0 



0 




Chip-Select 2 Hold 

tcS2H 











10 

0 

— 

— 

0 

— 

— 




5 

200 

_ 

_ 

200 

_ 

_ 


Output Disable Set-Up 

toDS 

10 

110 

— 

— 


— 

— 



■^Time required by a limit device to allow for indicated function 
‘Typical values are for Ta = 25° C and nominal Vdd 


6 




DON’T CARE 


* toDs IS REQUIRED FOR COMMON I/O 
OPERATION ONLY, FOR SEPARATE I/O 
OPERATIONS, OUTPUT DISABLE IS DON'T CARE 


Fig 2 - Write cycle timing waveforms. 
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CDP1822, CDP1822C 


DATA RETENTION CHARACTERISTICS at Ta = -40 to '•’85°C, see Fig. 3 




TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 


Vdr 

Vdd 

CDP1822 

CDP1822C 

UNITS 



(V) 

(V) 

Min. 

Typ.* 

Max. 

Min. 

Typ.* 

Max. 


Min Data Retention 





1.5 



1.5 


o 

\/ 

Voltage, 

Vdr 









Data Retention Quiescent 
Current, 

Idd 

2 

- 

- 

30 

100 

- 

30 

100 

AfA 

Chip Deselect to Data 


— 

5 

600 

— 

— 

600 

— 


— 


Retention Time, 

tcDR 

— 

10 

300 

— 

— 

— 

— 


— 

n e 

Recovery to Normal 


— 

5 

600 

— 

— 

600 

— 


— 

lio 

Operation Time, 

tRC 

— 

10 

300 

— 

— 

— 

— 


— 


VoD to Vdr Rise and 

Fall Time 

tr.tf 

2 

5 

1 

- 

- 

1 

- 

- 

fJS 


'Typical values are for Ta = 25°C and nominal Vdd 



Fig. 3 - Low V'dd data retention timing waveforms. 



J 



V 


DD 


Fig. 4 - Memory cell configuration. 
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CDP1822, CDP1822C 



Fig. 5 - Functional block diagram for CDP1822 and CDP1822C. 


CONTROL A *1 



Fig. 6 - Logic diagram of controls for CDP1822 and CDP1822C. 


6-15 


CMOS MEMORY 



























SEMICONDUCTOR 


CDP1822C/3 


February 1992 


High-Reliability CMOS 
256-Word x 4-Bit LSI Static RAM 


Features 

• For Applications in Aerospace, Military, and Critical 
Industrial Equipment 

• Interfaces Directly with CDP1802 Microprocessor 

• Very Low Operating Current 

- At Vdd = 5v and Cycle Time = l^is.4mA (Typ) 

• Static CMOS Siiicon-On-Sapphire Circuitry 

- CD4000 Series Compatible 

• Industry Standard Pinout 

• Two Chip Select Inputs - Simple Memory Expansion 

• Memory Retention for Standby.2V (Min) 

Battery Voitage 

• Single Power Supply Operation.4V to 6.5V 

• High Noise Immunity 30% of Vqd .4V to 6.5V 

• Output Disable for Common I/O Systems 

• 3-State Data Output for Bus Oriented Systems 

• Separate Data Inputs and Outputs 

• Latch-Up-Free Transient Radiation Tolerance 


Description 

The CDP1822C/3 is a 256 word by 4 bit random access 
memory designed for use in memory systems where high 
speed, low operating current, and simplicity In use are 
desirable. The CDP1822 features high speed and excellent 
noise immunity. It has separate data inputs and outputs and 
utilizes a single power supply of 4 to 6.5 volts. 

Two Chip Select Inputs simplify system expansion. An output 
Disable control provides WIre-OR-capability and is also 
useful in common Input/Output systems. The Output Disable 
Input allows this RAM to be used In common data Input/Out¬ 
put systems by forcing the output into a high impedance 
state during a write operation Independent of the Chip Select 
input condition. The output assumes a high impedance state 
when the Out put D isable is at high level or when the chip is 
deselected by CS1 and/or CS2. 

The high noise immunity of the CMOS technology is 
preserved in this design. For TTL interfacing at 5V operation, 
excellent system noise margin Is preserved by using an 
external pull-up resistor at each input. 

The CDP1822C/3 is supplied in the 22 lead hermetic dual¬ 
in-line sidebrazed ceramic package (D Suffix) that meets the 
specifications of MIL-M-38510 Case Outline D-7. 


OPERATIONAL MODES 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 1 r 


File Number 2981 













































Specifications CDP1822C/3 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vqq): 

(All Voltages Referenced to Vss Terminal) 

CDP1822C/3.-0.5Vto+7V 

Input Voltage Range, All Inputs.-0.5V to Vqd +0.5V 

Operating Temperature Range (T/^^).-55°C to +125°C 


Storage Temperature Range .-65°C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 


Recommended Operating Conditions At Ta = Full Package Temperature Range.For maximum reliability, operating conditions 

should be selected so that operation is always within the following ranges: 



Quiescent Device Current (Note 1) 


Output Low (Sink) Current (Note 1) 


Output High (Source) Current (Note 1) 


Output Voltage Low-Level 


Output Voltage High-Level 


Input Low Voltage 


Input High Voltage 


Input Leakage Current (Note 1) 


Operating Current (Note 1) 


3-State Output Leakage Current 


Input Capacitance 


Output Capacitance 


NOTE: 

1. Limits designate 100% testing, all other limits are designer’s parameters under given test ocnditions and do not represent 100% testing. 
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CDP1822C/3 


Read Cycle Dynamic Electrical Characteristics tf = lOns, Ci. := sopF 


CHARACTERISTIC 

SYMBOL 

VDD 

(V) 

LIMITS 

UNITS 

+25®C, -55®C 

+125®C 


MAX 


MAX 

Read Cycle (Note 1) 

4ic 

5 

370 

- 

500 

- 

ns 

Access from Address (Note 1) 

Uda 

5 

- 

370 

- 

500 

ns 

Output Valid from Chip Select 1 (Note 1) 

k)OA1 

5 

- 

370 

- 

500 

ns 

Output Valid from Chip Select 2 (Note 1) 

k>OA2 

5 

- 

370 

- 

500 

ns 

Output Active from Output Disable (Note 1) 

feOA3 

5 

- 

170 

- 

225 

ns 

Output Hold from Chip Select 1 

toOHl 

5 

10 

- 

20 

- 

ns 

Output Hold from Chip Select 2 

tDOH2 

5 

10 

- 

20 

- 

ns 

Output Hold from Output Disable 

boH3 

5 

10 

- 

20 

- 

ns 


NOTE: 

1. Limits designate 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing 




* Minimum timing for valid data output. Longer times will initiate an earlier but 
invalid output. 

FIGURE 2. READ CYCLE WAVEFORMS AND TIMING DIAGRAM FIGURE 3. MEMORY CELL CONFIGURATION 
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CDP1822C/3 


Write Cycle Dynamic Electrical Characteristics tp tf= ions, C|.=50pF 


CHARACTERISTIC 


Write Cycle (Note 1) 


Address Setup (Note 1) 


Address Hold (Note 1) 


Write Pulse Width (Note 1) 


Data in Setup (Note 1) 


Data in Hold (Note 1) 
Chip Select 1 Setup 


Chip Select 2 Setup 


Output Disable Setup 
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CDP1822C/3 


Data Retention Characteristics 


CHARACTERISTIC 


Minimum Data Retention Voltage 
(Note 1) 


Data Retention Quiescent Current 
(Note 1) 


Chip Deselect to Data Retention Time tcoR 


Recovery to Normal Operation Time tpc 


TEST 

CONDITIONS 


Von Vqo 
SYMBOL (V) (V) 



+25®C.-55®C 


MAX 



MAX UNITS 


2.5 


380 \lA 


NOTE: 

1. Limits designate 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing 


-DATA RETENTION - 
MODE 


V 0.95 Voo 0 95 Vdo JC- 

\_VDR_ / 

^CDR I* . * |^‘f »r -H H- ‘rC 

CS2 ' ' 

f V,L 

FIGURE 5. LOW Vdo data RETENTION TIMING WAVEFORMS 


PACKAGE TEMPERATURE 
D 


A8 — 

R > 2 kO ±20% 


DURATION 
160 hrs 


1 

22 

2 

21 

3 

20 

4 

19 

5 

18 

6 

•j 

17 

1 6 

0 

15 

9 

14 

10 

13 

11 

12 


6.8 7.2 10.0 

i 1 Vdd 



FIGURE 6. DYNAMIC/OPERATING BURN-IN CIRCUrr AND TIMING DIAGRAM 
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SEMICONDUCTOR 


March 1992 


CDP1823 

CDP1823C 

128-Word X 8-Bit 
LSI Static RAM 


Features 

• Fast Access Time 

- Vdd = 5V.450ns 

- Vdd = 10V.250ns 

• Common Data Inputs and Outputs 

• Multiple Chip Select Inputs to Simplify Memory 
System Expansion 


Ordering Information 


Plastic DIP 

-40°C to +85°C 

CDP1823CE 

Burn-In 


CDP1823CEX 

Ceramic DIP 

-40°C to +85°C 

CDP1823CD 

Burn-In 


CDP1823CDX 

•883B 

-55°C to 
+125°C 

CDP1823CD3 


CDP1823E 


•Respective specifications are included at the end of this datasheet. 


Description 

The CDP1823 and CDP1823C are 128-word by 8-bit CMOS 
SOS static random-access memories. These memories are 
compatible with general-purpose microprocessors. The two 
memories are functionally identical. They differ In that the 
CDP1823 has a recommended operating voltage range of 4 
volts to 10.5 volts, and the CDP1823C has a recommended 
operating voltage range of 4 volts to 6.5 volts. 

The CDP1823 memory has 8 common data Input and data 
output terminals for direct connection to a bidirectional data 
bus and Is operated from a single voltage supply. Five chip- 
select inputs are provided to simplify memory-system expan¬ 
sion. In ord er t o ena ble the CDP1823, the chip-select Inputs 
CS2, CS3 and CS5 require a low input signal, and the chip- 
select inputs CS1 and CS4 require a high input signal. 

The MRD signal enables all 8 output drivers when In the low 
state and should be in a high state during a write cycle. 

After valid data appear at the output, the address inputs may 
be chang ed Immediately. Output data will be valid until either 
the MRD signal goes high, the device is deselected, or t^A 
(access time) after address changes. 

The CDP1823 and CDP1823C types are supplied in 24-lead 
dual-in-line ceramic packages (D suffix), and in 24-lead dual¬ 
in-line plastic packages (E suffix). 


High Impedance 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 6-21 
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High Impedance 


High Impedance 


High Impedance 
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Specifications CDP1823, CDP1823C 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vdq)'. 

(All Voltages Referenced to Vss Terminal) 

CDP1823.-0.5V to+11V 

CDP1823C.-0.5Vto+7V 

Input Voltage Range, All Inputs.-0.5V to Vqq +0.5V 

DC Input Current, Any One Input.±10mA 

Operating Temperature Range (Ta); 

Package Type D.-55°C to +125°C 

Package Type E.-40°C to +85°C 


Storage Temperature Range (Tgjg).-65°C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 


I 

|l 


Recommended Operating Conditions At T^ = Pull Package Temperature Range.For maximum reliability, operating conditions 

should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


Supply Voltage Range 


Recommended Input Voltage Range 



Static Electrical Characteristics At t^ = -40°c to +85°c. Except as Noted. 


CONDITIONS 


CHARACTERISTIC 


Quiescent Device 
Current 


Output Low (Sink) 
Current 


Output High (Source) 
Current 


Output Voltage 
Low-Level 


Output Voltage 
High-Level 


Input Low Voltage 


Input High Voltage 


Input Leakage Current 


Operating Current 
(Note 2) 


3-State Output Leakage 
Current 


SYMBOL 


bo 


input Capacitance 


Output Capacitance 


NOTES: 

1. Typical values are for Ta = +25®C and nominal Vqq. 

2. Outputs open circuited; Cycle time = Ips. 


pA 


pA 

mA 

mA 

mA 


mA 
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CDP1823, CDP1823C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= - 40 to + 85 "C, VdD±5%, 
tr,tf = 20 ns, Cl = 100 pF. _ 



VdD 

LIMITS 


CHARACTERISTIC 

(V) 

1 CDP1823 

CDP1823C 

UNITS 


Mln.tlTyp/ 

Max. 

Mln.tiTyp.* 

Max. 


Read Cycle (See Fig. 1) 

Access Time From 

5 

— 

275 

450 

— 

275 

450 


Address Change, tAA 

10 

— 

160 

250 

— 

— 

— 


Access Time From 

5 

B 


250 

— 




Chip Select, tDOA 


B 


150 


Bi 

Bi 


Mho to Output 


B 


250 

— 

150 

250 


Active, tAM 


IHi 


150 

— 

— 

^B 


Data Hold Time 


Mi 


75 

25 




After Read, toOH 


B 


40 

— 

Eb 

H 



^Typical values are at = 25"C and nominal voltage. 

tjime required by a limit device to aliow for the indicated function. 



’aa ^ 


ADDRESS j 


_^_x_ 


I 1 

’am ^ 

^_ 




MRD ^ 

r . 

1 

1 



_J 


CS2.CS3.CS5 \ 

r 






- 'DOAH 


CSI.CS4 1 

f 



\ _ 


1 ’doh 

% 


////// 

7 ^ 

VALID DATA 

\ 

HIGH IMPEDANCE ^ 

\\\\\v 

-^0% 



NOTE:i;^Wh IS HIGH DURING READ OPERATION 

TIMING MEASUREMENT REFERENCE IS O-SVqq- 

Fig, 1 - Read cycle timing diagram 
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CDP1823, CDP1823C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= -40 to +85 X,VdD±5%, 
tr,tf = 20 ns, Cl = 100 pF. 


CHARACTERISTIC 

vdd 

(V) 

LIMITS 

UNITS 

CDP1823 

CDP1823C 

Mln.tlTyp.* 

Max. 

Mln.tlTyp.* 

Max. 

Write Cycle (See Fig. 2) 

Write Recovery, tWR 

5 

10 

75 

50 

— 

— 

75 

— 

— 


Write Cycle, twc 

5 

400 

— 

— 

400 

— 

— 



10 

225 

— 

— 

— 

— 

— 


Write Pulse 

5 

200 

— 

_ 

200 

— 



Width, tWRW 

10 

100 

— 

— 


— 

— 

ns 

Address 

5 

125 

— 

— 

125 

—- 

— 

Setup Time, tAS 

10 

75 

— 

— 

— 

— 

— 


Data 

5 

100 

— 

— 

100 


— 


Setup Time, tDS 

10 

75 

— 

— 

— 


— 


Data Hold Time 

5 

75 

— 

— 

75 

— 



From MWR, tpH 

10 

50 

— 

— 

— 

— 

— 



* Typical values are at Ta = 25‘’C and nominal voltage. 

tjlme required by a limit device to allow for the indicated function. 



Fig. 2 - Write cycle timing diagram. 




CDP1823, CDP1823C 


DATA RETENTION CHARACTERISTICS at Ta = -40 to +85° C; see Fig. 3 


CHARACTERISTIC 

TEST 

CONDI¬ 

TIONS 

LIMITS 

UNITS 

CDP1823 

CDP1823C 

Vdr 

(V) 

Vdd 

(V) 






Max. 

Min. Data Retention 

— 

— 

H 


B 

B 

1.5 

2 

B 

Voltage, Vdr 



■ 


B 

B 



Bi 

Data Retention Quiescent 

2 

— 

B 

B| 


B 

|BB 

100 

//A 

Current, Idd 



■ 

B 

B 

■ 

B 



Chip Deselect to Data 

— 

5 



B 


B 

- 


Retention Time, tcoR 

— 

10 

300 

— 

B 

B 

B 

Bb 

ns 

Recovery to Normal 

— 


600 

— 

B 

IQI 

B 

_ 


Operation Time, tRc 

— 


300 

— 

B 

B 

B 

IBb 


Vdd to Vdr Rise and 

2 

5 

B 

B 

B 

B 

B 

jB| 

fJS 

Fall Time tr,tf 



B 

B 

B 

B 

B 




‘Typical values are for Ta = 25° C and nominal Vdd. 
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Fig 3 - Low Vdd data retention timing waveforms 



Functional Diagram 


Fig. 4 - Functional diagram 
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CDP1823, CDP1823C 



Fig. 5 - CDP1823 (128 x 8) minimum system (128 x 8) 
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SEMICONDUCTOR 


CDP1823C/3 


February 1992 


High-Reliability CMOS 
128-Word X 8-Bit Static RAM 


Features 

• For Applications in Aerospace, Military, and Criticai 
Industrial Equipment 

• Compatibie with CDP1800-Series Microprocessors at 
Maximum Speed 

• Interfaces with CDP1800-Series Microprocessors 
without Additionai Components 

• Fast Access Time 

- At Vdd = 5V,+25®C.275ns 

• Singie Voltage Suppiy 

• Common Data Inputs and Outputs 

• Multiple Chip Select Inputs to Simplify Memory 
System Expansion 

• High Noise Immunity.30% of VDD 

• Memory Retention for Standby Battery Voltage Down 
to 2V at 25^C 

• Latch-Up-Free Transient Radiation Tolerance 



Description 

The CDP1823C/3 is a 128 word x 8 bit CMOS/SOS static 
random access memory. It Is compatible with the CDP1802, 
CDP1804, CDP1805, and CDP1806 microprocessors, and 
will interface directly without additional components. The 
CDP1823C has a recommended operating voltage range of 
4 to 6.5 volts. 

The CDP1823C memory has 8 common data input and data 
output terminals for direct connection to a bidirectional data 
bus and is operated from a single voltage supply. Five chip 
select inputs are provided to simplify memory system 
expan sion. I n orde r to e nable the CDP1823C, the chip select 
inputs CS2, CS3, and CSS require a low input signal, and 
the chip select inputs CS1 and CS4 require a high input 
signal. 

The MRD signal enables all 8 output drivers when in the low 
state and should be in a high state during a write cycle. 

After valid data appear at the output, the address inputs may 
be chang ed immediately. Output data will be valid until either 
the MRD signal goes high, the device is deselected, or t^A 
(access time) after address changes. 

The CDP1823C/3 Is supplied in hermetic 24 lead dual-in-line 
sidebrazed ceramic packages (D suffix) that meet the 
specifications of Mil-M-38510 Case Outline D3. 


Operational Modes 





FUNCTION 

MRD 

MWR 

Read 

0 

X 



CS2 

css 

0 

0 

0 

0 

0 

0 


CS4 I css 


BUS TERMINAL 
STATE 


Not 

Selected 


0 Storage State of 
Addressed Word 


0 Input High 
Impedance 


High impedance 


High Impedance 




CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications CDP1823C/3 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vqd): 

(All Voltages Referenced to Vss Terminal) 

CDP1823C/3.-0.5Vto+7V 

Input Voltage Range, All Inputs.-0.5V to Vqq +0.5V 

DC Input Current, Any Oneinput.±10mA 


Operating Temperature Range (T^).-55°C to +125°C 

Storage Temperature Range (Tstg).-€5®C to +150°C 

Lead Temperature (During Soldering); 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 


Recommended Operating Conditions At Ta = Full Package Temperature Range.For maximum reliability, operating conditions 

should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


Supply Voltage Range 


Recommended Input Voltage Range 



Static Eiectrical Characteristics Vd^ 5V ± 5% 


CHARACTERISTIC 


Quiescent Device Current (Note 1) 


Output Low (Sink) Current (Note 1) 


Output High (Source) Current (Note 1) 


Output Voltage Low-Level 


Output Voltage High-Level 


Input Low Voltage 


Input High Voltage 


input Leakage Current (Note 1) 


Operating Current (Note 1) 


3-State Output Leakage Current 


input Capacitance 


Output Capacitance 


NOTE: 

1. Limits designate 100% testing, all other limits are designer’s parameters under given test conditions and do not represent 100% testing. 
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CDP1823C/3 


Read Cycle Dynamic Electrical Characteristics tp tf = iOns, Cl = 50pF 


CHARACTERISTIC 


Read Cycle 


Access Time from Address Change (Note 1) 


Access Time from Chip Select 


Access Time from MRD (Note 1) 


Data Hold Time After Read 



fpc 

5 

Ua 

5 

Uc 

5 

Um 

5 

foH 

5 


1. Limits designate 100% testing. All other limits are designer s parameters under given test conditions and do not represent 100% testing 




Yy\ 


HIGH IMPEDANCE 


^Minimum timing for valid data output. Longer times will initiate an earlier but invalid output 
NOTE: MWR is high during read opration. Timing measurement reference is O.SVqq. 

FIGURE 1. READ CYCLE TIMING DIAGRAM 
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CDP1823C/3 


Write Cycle Dynamic Electrical Characteristics v tf = 1 ons, C|. = sopF 






























































CDP1823C/3 


Data Retention Characteristics 


CHARACTERISTIC 

SYMBOL 

Minimum Data Retention Voltage 

Vdr 

(Note 1) 


Data Retention Quiescent Current 

•do 

Chip Deselect to Data Retention Time 

^DR 

Recovery to Normal Operation Time 

tRC 



NOTE: 

1. Limits designate 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing 


-DATA RETENTION - 
MOOE 


^95 Vqo 


0 95Vo^ 

^ —i 


FIGURE 3. LOW Vqd data RETENTION WAVEFORMS 


PACKAGE TEMPERATURE TIME Vpo 
D I25*C 160 hrs 7V 


R = 10 kO ±20% 


1 

24 

2 

23 

3 

22 

4 

2 1 

5 

20 

C 

19 

7 

18 

8 

17 

9 

16 

10 

15 

11 

14 

12 

1 3 


5.0 10.0 

.6 22 I 6 6 72 . 




AI-AII ARE DIVISION BY 2 BASEDONAO. 


FIGURE 4. DYNAMIC/OPERATING BURN-IN CIRCUIT AND 
TIMING DIAGRAM 
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SEMICONDUCTOR 


February 1992 


CDP1824 

CDP1824C 

32-Word X 8-Bit 
Static RAM 


Features 

• Fast Access Time 

- Vdd = 5V. 

- Vdd = 10V. 


No Precharge or Clock Required 


Ordering Information 


•40°C to +85°C ICDP1824CE 
|CDP1824CEX 



■40°C to +85°C I CDP1824CD 
|CDP1824CDX 


CDP1824CD3 



Description 

The CDP1824 and CDP1824C are 32-word x 8-blt fully static 
CMOS random-access memories for use In COP-1800 
series microprocessor systems. These parts are compatible 
with the CDP1802 microprocessor and will interface directly 
without additional components. 

The CDP1824 is fully decoded and does not require a pre¬ 
charge or clocking signal for proper operation. It has 
common input and output and Is operated from a single 
voltage supply. The MRD signal (output disable control) 
enable s the thr^-state output drivers, and overrides the 
MWR signal. A CS input is provided for memory expansion. 

The CDP1824C is functionally Identical to the CDP1824. 
The CDP1824 has an operating range of 4 volts to 10.5 
volts, and the CDP1824C has an operating voltage range of 
4 volts to 6.5 volts. The CDP 1824 and CDP1824C are 
supplied in 18 lead hermetic dual-in-line ceramic packages 
(D suffix), and in 18 lead dual-in-line plastic packages (E 
suffix). 


^Respective specifications are included at the end of this datasheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 « «« 
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Specifications CDP1824, CDP1824C 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vqq): 

(All Voltages Referenced to Vgs Terminal) 

CDP1824.-0.5Vto+11V 

CDP1824C.-0.5Vto+7V 

Input Voltage Range, All Inputs.-0.5V to Vqd +0.5V 

DC Input Current, Any One Input.±10mA 

Operating Temperature Range (T^): 

Package Type D.-55°C to +125°C 

Package Type E.-40°C to +85°C 


Storage Temperature Range (T^).-65°C to +150®C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 


Recommended Operating Conditions 


MIN 

MAX 

4 

10.5 

Vss 

Vdd 



At Ta = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CDP1824CD 


MAX 


6.5 


CHARACTERISTIC 


Supply Voltage Range 


Recommended Input Voltage Range 


Input Signal Rise or Fall Time (Note 1) 

V.tf 


NOTE: 

1. Input signal rise or fall times longer than these maxima can cause loss of stored data in either the selected or deselected nfK>de. 


Static Electrical Characteristics At Ta = •40°c to +85°c. Except as Noted: 


CONDITIONS 


CHARACTERISTIC 


Quiescent Device 
Current 


Output Low (Sink) 
Current 


Output High (Source) 
Current 


Output Voltage 
Low-Level 


Output Voltage 
High-Level 


Input Low Voltage 


CDP1824C 

MIN 

(Note 1) 

TYP 

MAX 


Input High Voltage 


Input Leakage Current 


Operating Current 
(Note 2) 


3-State Output Leakage 
Current 


Input Capacitance 


Output Capacitance 


NOTES: 

1. Typical values are for Ta = -»-25°C and nominal Vqq. 

2. Outputs open circuited; Cycle time Ips. 
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CDP1824, CDP1824C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = -40 to +85°C, ±5%, 

Input tp tf = 10 ns. Cl = 50 pF, Rl = 200 kH; See Fig. 1. 




LIMITS 1 

U 

CHARACTERISTIC 

TEST 

CONDITIONS 

CDP1824D 

CDP1824CD 

N 

1 


Vdd 

(V) 

CDP1824E 

CDP1824CE 

T 


Min.^ 

Typ.® 

Max. 

Min.i^ 

Typ* 

Max. 

S 

1 Read Operation | 

Access Time From 


wm 

400 

BQ 

Hi 

400 

710 

ns 

Address Change, t^^ 

13“ 

B 

200 


B 

- 

- 

Access Time From 

5 

■i 



■ 

300 

710 

ns 

Chip Select, tooA 

10 

B 



B 

- 

- 

Output Active From 

5 


BB| 

BQ 

Hi 

300 

710 

ns 

MRD, t^iyi 

10 

H 

^^B 

B 

B 

- 

- 


- Time required by a limit device to allow for the indicated function 

• Time required by a typical device to allow for the indicated function Typical values are for 
T/\ = 25 C and nominal Vqq 



^MINIMUM TIMING FOR 
VALID DATA OUTPUT 
LONGER TIMES WILL 
INITIATE AN EARLIER, 
BUT INVALID OUTPUT 


READ OPERATION TIMING DIAGRAM 


Fig 1 - Read cycle timing diagram. 


Note: 

The dynamic characteristics and timing dia¬ 
grams indicate maximum performance capa¬ 
bility of the CDP1824. When used directly 
with the CDP1802 microprocessor, timing 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 
will hold when the CDP1824 is used with the 
CDP1802 microprocessor. 

%W = 2 tc 
tAH= 1-Otc 


‘AS = ^-5 ‘c 

t[)H = 1.0t^> 1 Data transfers from 
t[)5 = 5.5 t(j j CDP1802 to memory 
MRD occurs one clock period (t^,) earlier 
than the address bits MA0-MA7. 


wneiu ip ——- 

CDP1802 clock frequency 

The CDP1824 is capable of operating at the 
maximum clock frequency of the CDP1802 
microprocessor. 
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CDP1824, CDP1824C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T^ = -40 to +85°C, Vqq ±5%, 
Input tp tf = 10 ns. Cl = 50 pF, Rl = 200 kl2; See Fig. 2. 


CHARACTERISTIC 


Write Operation 


Write Pulse 
Width, 


TEST 

CONDITIONS 

vdd 

(V) 



Data Setup 
Time, tps 


Data Hold 
Time, tD|_| 


Chip Select 
Setup Time, tQg 


Time required by a limit device to allow for the indicated function 

Time required by a typical device to allow for the indicated function Typical values are for 
T/\ = 25 C and nominal Vqq 



-^DS -j- H 


WRITE OPERATION TIMING DIAGRAM 


Fig 2 - Write cycle timing diagram 


■ DATA RETENTION - 
MODE 


\_VDR___/ 

j^tf* fr *- **1 j -^ 


Fig 3 - Low 1 /dd data retention waveforms and timing diagram 
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CDP1824, CDP1824C 


DATA RETENTION CHARACTERISTICS at T;^ = -40 to +85°C; See Fig. 3. 


CHARACTERISTIC 

TEST CONDI- 

noNS 

Vqd 

(V) 

CDP1824 

CDP1824C 

UNITS 

Min. 

Max. 

Min. 

Max. 

Data Retention Voltage, Vpp 


- 

2.5 

- 

2.5 

- 

V 

Data Retention Quiescent 
Current, Iqq 

Vdr = 2.5V 

_ 

_ 

10 

_ 

40 

MA 

Chip Deselect to Data 

Retention Time, tQpp 

Vdr = 2.5V 

5 

10 

600 

300 

- 

600 

- 

ns 

Recovery to Normal 

Operation Time, tpQ 

Vdr = 2.5V 

5 

10 

600 

300 

- 

600 

— 



Fig 4 - Functional diagram. 


CPU/ROM SYSTEM 


RAM SYSTEM 



CPU 

CDPI802 


ROM 

CDPI833 


RAM 

CDI824 


Fig 5 - CDP1824 (128 x 8) minimum system (128 x 8) 












SEMICONDUCTOR 


February 1992 


Features 

• Access Time: 


CDP1824/3 

CDP1824C/3 

High-Reliability CMOS 32-Word x 8 Bit 
Static Random-Access Memory 


Access Time: The CDP1824/3 and CDP1824C/3 types are high-reliability CMOS 32-word x 8 bit 

610ns.@ Vqq = 5V fully static random-access memories for use in CDP1800-series microprocessor 

320ns. ®Vdd = 10V systems. These parts are compatible with the CDP1802 microprocessor and will 

interface directly without additional components. 


No Precharge or Clock Required 



Description 


The CDP1824/3 is fully decoded and does not require a precharge or clocking 
signal for proper operation. It has co mmon input and output and is operated from 
a single voltage supply. The MRD signal ( output disable control) enables the 
three-state output drivers, and overrides the MWR signal. A CS input is provided 
for memory expansion. 

The CDP1824C/3 is functionally identical to the CDP1824/3. The CDP1824/3 has 
a recommended operating voltage range of 4 to 10.5 volts, and the CDP1824C/3 
has an operating voltage range of 4 to 6.5 volts. 

The CDP1824/3 and CDP1824C/3 are supplied in 18-lead, dual-in-line 
sidebrazed ceramic packages (D suffix) that conform to the requirements and 
dimensions specified in MIL-M-38510 Case Outline D-6. 


Funtional Diagram 


ADDRESS 

-► 

-r* 

32 X 8 BIT 

DECODER 

1 

ARRAY 



■' ^ 
SENSE 



AMPL 

t ' 


Ltiz 


I/O BUFFERS 

^74^8 + 

10^ 

Ilf i2t I3t I4t 


FUNCTION 


READ 


WRITE 


Not Selected 





CS 

MRD 

MWR 


BUS BUS BUS BUS BUS BUS BUS BUS 
7 6 5 4 3 2 10 

OPERATIONAL MODES 


DATA PINS STATUS 


Output: High/Low Dependent on Data 


input: Output Disabled 


Output Disabled: High-Impedance State 


Output Disabled: High-Impedance State 



Standby 


Logic 1 = High Logic 0 = Low X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1 992 6-37 
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Specifications CDP1824/3, CDP1824C/3 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vqo) 

(All Voltages Referenced to Vss Terminal) 

CDP1824/3.-0.5VtO+11V 

CDP1824C/3.-0.5to+7V 

Input Voltage Range, All Inputs.-0.5V to Vqq +0.5V 

DC Input Current, Any One Input.±10mA 

Power Dissipation Per Package (Pq) 

Ta = ~55°C to +100°C. 500mW 

Ta = +100®C to +125°C.Derate Linearly at 

12mW/®C to 200mW 


Device Dissipation Per Output Transistor 
Ta = Full Package Temperature Range 

(All Package Types).lOOmW 

Operating Temperature Range (T^) 

Package Type D.-55®C to +125°C 

Storage Temperature Range (Tj,g).-65®C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 in. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 


Recommended Operating Conditions Ta = Full Package-Temperature Range. For maximum reliability, nominal operating con¬ 
ditions should be selected so that operation is always within the following ranges; 


CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 




Static Electrical Characteristics 


CHARACTERISTIC 


Quiescent Device Current 
(Note 1) 


Output Voltage Low-Level 
(Note 2) 


Output Voltage High-Level 
(Note 2) 


Input Low Voltage 


Input High Voltage 


Output Low Drive (Sink) 
Current 


Output High Drive (Source) 
Current 


CONDITIONS 

Vo 

Hfl 

Vdo 

(V) 

(V) 

(V) 



Input Current 


3-State Output Leakage 
Current 


Input Capacitance 


Output Capacitance 


NOTES; 

1. The CDP1824C/3 meets ail 5 volt Static Electrical Characteristics 
of the CDP1824/3 except Quiescent Device Current for which 
the limits are Iqq = 200pA at +25°C/-55°C; Iqd = lOOOpA at 
+125°C. 


2. Guaranteed, but not tested. 
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Specifications CDP1824/3, CDP1824C/3 
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Specifications CDP1824/3, CDP1824C/3 


Write Cycle Dynamic Electrical Characteristics input v* tf < 15ns, C|.= sopF 


TEST 

CONDITIONS 


SYMBOL 


twRW 



CHARACTERISTIC 


Write Pulse Width 


Data Setup Time 


Data Hold Time 


Chip Select Setup Time 


Address Setup Time 


NOTE: 1. Time required by a device to allow for the Indicated function. 


-55®C, +25®C 

+125®C 


(Note 1) 


(Note 1) 



MIN 

MAX 

MIN 

MAX 

UNITS 



WRITE CYCLE TIMING DIAGRAM 
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Specifications CDP1824/3, CDP1824C/3 


Data Retention Characteristics At Ta = + 25°c 


TEST 

CONDITIONS 


CDP1824C/3 


CHARACTERISTIC SYMBOL 


Data Retention Voltage Vqr 


Data Retention Quiescent Current Iqd 


Chip Deselect ot Data Retention Time tcop 


Recovery to Normal Operation Time 






TYPE 

VDD 

TEMPERATURE 

TIME 

CDP1824 

11V 

+125°C 

160 Mrs., Min. 

CDP1824C 

7V 

+125°C 

160 Mrs., Min. 
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SEMICONDUCTOR 


CDP1826C 


February 1992 


CMOS 64-Word x 8-Bit 
Static RAM 


Features 

• Ideal for Small, Low-Power RAM 
Memory Requirements in Micropro¬ 
cessor and Microcomputer Applica¬ 
tions 

• Interfaces with CDP1800-Series 
Microprocessors Without Additional 
Address Decoding 

• Daisy Chain Feature to Further 
Reduce External Decoding Needs 

• Multiple Chip-Select Inputs for Versa¬ 
tility 

• Single Voltage Supply 

• No Clock or Precharge Required 


Ordering information 

TEMP. 

PACKAGE RANGE ORDER CODE 

Plastic DIP -40°C to CDP1826CE 

' +85°C - 

Ceramic DIP CDP1826CD 


Description 

The CDP1826C Is a general purpose, fully static, 64-worcl x 8-blt random-access mem¬ 
ory, for use in CDP1800-series or other microprocessor systems where minimum compo¬ 
nent count and/or price performance and simplicity in use are desirable. 

The CDP1826C has 8 common data input and data-output terminals with 3-state capa¬ 
bility for direct connection to a standard bidirectional data bus. Two chip-select inputs - 
CS1 and CS2 - are provided to simplify memory-system expansion. An additional select 
pin, CS/A5, is provided to enable the CDP1826C to be selected directly from the 
CDP1800 multiplexed address bus without additional latching or decoding. In an 1800 
system, the CS/A5 pin can be tied to any MA address line from the CDP1800 processor. 
A TPA input is provided to latch the high-order bit of this address line as a chip -select for 
the CDP1826C. If this CS/A5 input is latched high, and if CS = 1 and CS2 = 0 at the 
appropriate time in the memory cycle, the CDP1826C will be enabled for writing or read¬ 
ing. In a non-1800 system, the TPA pin can be tied high, and the CS/A5 pin can be used 
as a normal address input. 

The six input-address buffers are gated with the chip-select function to reduce standby 
current when the device is deselected, as well as to provide for a simplified power down 
mode by reducing address buffer sensitivity to long fall times from address drivers which 
are being powered down. 

Two memory control signals, MRD and MWR, are pr ovided for readin g from the writing to 
the CDP1826C. The logic is designed so that MWR overrides MRD, allowing the chip to 
be controlled from a single R/W. 

A CHIP ENABLE OUTPUT is provided for daisy-chaining to additional memories or I/O 
devices. This output is high whenever the chip-select function selects the CDP1826C, 
which deselects any other chip which has its CS input connected to the CDP1826C CEO 
output. The connected chip is selected when the CDP1826C is de-selected and the MRD 
input is low. Thus, the CEO is only active for a read cycle and can be set up so that a 
CEO of another device can feed the MRD of the CDP1826C, which in turn selects a third 
chip in the daisy chain. 

The CDP1826C has a recommended operating voltage of 4.5V to 5.5V and Is supplied in 
22 lead hermetic dual-in-line sidebrazed ceramic packages (D suffix), in 22 lead dual-in¬ 
line plastic packages (E suffix). The CDP1826C is also available In chip form (H suffix). 



Fig. 1 - Typical CDP1802 microprocessor system 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CDP1826C 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vqd): 

(All Voltages Referenced to Vss Terminal) 
CDP1826C. 

.-0.5V to +7V 

Device Dissipation Per Output Transistor 

T/y = Full Package Temperature Range 
(All Package Types). 

.lOOmW 

Input Voltage Range, All Inputs. 

..-0.5V to Vdd +0-5V 

Operating Temperature Range (Ta): 


DC Input Current, Any One Input. 

.±10mA 

Package Type D. 

. -55°C to +125®C 

Power Dissipation Per Package (Pq) 


Package Type E. 

.. -40°C to +85°C 

T/y = -40°C to +60®C (Package Type E)... 

. 500mW 

Storage Temperature Range (T,tg). 

. -€5°Cto+150°C 

Ta = -i-60°C to +85°C (Package Type E)... 

... Derate Linearly at 

Lead Temperature (During Soldering); 


T/y = -55°C to +100°C (Package Type D).. 

12mW/°C to 200mW 
. 500mW 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 
from case for 10s max. 

. +265°C 

Ta = +100®C to -l■125°C (Package Type D)_Derate Linearly at 

12mW/°C to 200mW 

Recommended Operating Conditions At T^ = Full Package Temperature Range.For maximum reliability, operating conditions 


should be selected so that operation is always within the following ranges: 



CHARACTERISTIC 


DC Operating Voltage Range 


Input Voltage Range 


Input Signal Rise or Fall Time, Vqd = 5V 


Static Electrical Characteristics At = -40°c to +85°c, Vqd = 5V ± 5%, Except as Noted: 


CONDITIONS 


CHARACTERISTIC 


Quiescent Device Current 


Output Low (Sink) Current 


Output High (Source) Current 


Output Voltage Low-Level 


Output Voltage High-Level 


Input Low Voltage 


Input High Voltage 


Input Leakage Current 


Operating Device Current (Note 2) 


3-State Output Leakage Current 


Input Capacitance 


Output Capacitance 


NOTES: 

1. Typical values are for T/y = -l■25°C and nominal Vqq. 


Signai Descriptions 

AO • A4, CS/A5 (Address Inputs): These inputs must be stable 
prior to a write operation, but may change asynchronously during 
Read operations. 

In an 1800 system, the multiplexed high-order address bit at pin CS/ 
A5 can be latched at the end of TPA. A high level will provide a valid 
chip select for the CDP1826C. The low-order address bit which 
appears after TPA is used for data word selection. In non-1800 sys¬ 
tems, TPA can be tied high to disable the latch and allow the CS/A5 
pin to function as a normal address input. 

BUS 0 - BUS 7: 8-bit 3-state common input/output data bus. 

TPA: High-order address strobe input. The high-order address bit at 
input CS/A5 is latched on the high-to-low transition of the TPA input. 




2. Outputs open circuited; Cycle time = Ips. 


Tie TPA high to disable the CS/A5 latch feature. 

CS1, CS2 (Chip Selector): Either chip select (CS1 or CS2), when 
not valid, powers down the chip, disables READ and WRITE func¬ 
tions, and gates off the address and output buffers. 

MRD, MWR: Read and Write control signals. MWR overrides MRD, 
allowing the CDP1826C to be controlled from a single RA/V line. 

CEO (Chip Enable Output): Allows daisy chaining to additional 
memories. CEO is high whenever the CDP1826C Is selected. CEO 
is only active (low) for a Read cycle with the CDP1826C deselected 
and the MRD input low. 

Vdd, Vss: Power supply connections. 
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CDP1826C 


AO 

Al 

A2 

A3 

A4 

CS/A5 


TPA 

CSI 

CS2 

SJWR 

S<RD 



BUS 0 
BUS I 
BUS 2 
BUS 3 
BUS 4 
BUS 5 
BUS 6 
BUS 7 


CEO 


Fig. 2 - Functional diagram 


,800 cLocTTJlJlJlJlJlJnJlJnJlJlJlJlJTJ^^ 

I ' ! 



RAM CYCLE (RAM SELECTED) ROM CYCLE (RAM DESELECTED) 

CSI=I, CS2=0 


OPERATING MODES 



FUNCTION 

MRD 

MWR 

CSI-^ 

TPA 

CS/A5# 

CEO 


WRITE 

X 

0 

1 

_rt 

1 

1 

Ui 

READ 

0 

1 

1 


1 

1 

o 

s 

DESELECT 

1 

1 

1 


1 

1 

o 

o 

DESELECT 

1 

X 

0 

X 

X 

1 

QD 

DESELECT 

0 

X 

0 

X 

X 

0 

O 

U 

DESELECT 

1 

X 

X 


0 

1 


DESELECT 

0 

X 

X 

_n_ 

0 

0 

O 

S 

a. 

WRITE 

X 

0 

1 

1 

X 

1 

READ 

0 

1 

1 

1 

X 

1 

yI 

DESELECT 

1 

1 

1 

1 

X 

1 

z 

DESELECT 

1 

X 

0 

1 

X 

1 

o 

z 

DESELECT 

0 

X 

0 

1 

X 

0 


* FOR CDPI800 MODE, REFERS TO HIGH ORDER MEMORY 
ADDRESS BIT LEVEL AT TIME WHEN TPA > TRANSITION 
TAKES PLACE 


Fig 3 - Chip Enable Output timing waveforms for CDP1800-based systems. 
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CDP1826C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta - -40 to +85°C, Vod = 5 V±5%, 


Input fr,ff = 10 ns; Cl = 50 pF and 1 TTL Load 


CHARACTERISTIC 


_ LIMITS _ 

_ CDP1826C _ 

MIN.t I TYP.» I MAX 


UNITS 


Read — Cycle Times (Figs. 4 and 5) 


Address to TPA Setup 

tASH 

100 

— 

— 


Address to TPA Hold 

tAH 


— 



Access from 

Address Change 

Taa 

■HjH 

500 

1000 


TPA Pulse Width 

tpAW 

200 

— 

— 

ns 

Output Valid from 

tAM 

■■ll 

500 

1000 


Access from 

Chip Select 

tAC 

- 

500 

1000 


CEO Delay from 

TPA“X_Edge 

tcA 

- 

150 

300 


MRD to CEO Delay 

tivic 

75 

— 

— 


Output High Z from 



— 

125 


Invalid MRD 

tfil-hS- 

HHIH 




Output High Z from 

Chip Deselect 

tsH2 

IHI 


225 



tTime required by a limit device to allow for the indicated function 
•Typical values are for Ta = 25°C and nominal Vqd 
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CDP1826C 


A0-A5 ^///^ &'dRESS BYTE 


LOW ORDER ADDRESS BYTE 



■ 








^ VALID 

DHIP SELECT ^ 


HIGH IMPE 

DANCE 

/ - 



^ VALID DATA 

^ AM -^ 



■^RHZ 




Fig 5 - Timing waveforms for Read-cycle 2 [TPA-High], 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, \/dd ^ 5 I/ ±5%, 
Input tr,U = 10 ns; Cl = 50 pF and 1 TTL Load 


CHARACTERISTIC 

LIMITS 

UNITS 

CDP1826C 

MIN.t 1 TYP.* 1 MAX. 

Write-Cycle Times (Figs. 6 and 7) 


Address to TPA Setup, 

High Byte 

tASH 

100 

- 

- 


Address to TPA Hold 

tAH 

100 

— 

— 


Address Setup 

Low Byte 

tASL 

500 

250 

- 


TPA Pulse Width 

tpAW 

200 

— 

— 

ns 

Chip Select Setup 

tcs 

700 

350 

— 


Write Pulse Width 

tww 

300 

200 

— 


Write Recovery 

twR 

100 

— ] 

— 


Data Setup 

tos 

400 

200 

— 


Data Hold from 


100 

50 

— 


End of mWR 

toHI 





Data Hold from 

End of Chip Select 

tDH2 

125 

50 

— 



tTime required by a limit device to allow for the indicated function 
•Typical values are for Ta = 25°C and nominal Vdd 
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CDP1826C 



Fig 6 - Timing waveforms for Write-cycle 1. 



Fig. 7 - Timing waveforms h 







CDP1826C 


DATA RETENTION CHARACTERISTICS at Ta = -40 to +85°C; see Fig. 8 





LIMITS 


CHARACTERISTIC 



CDP1826C 

UNITS 



Vdr 








(V) 


MIN. 

TYP.» 

MAX. 


Min. Data Retention 

Voltage 

Vdr 

- 

MM 

- 

2 

2.5 

V 

Data Retention Quiescent 

Current 

Idd 

25 

- 

- 

5 

25 


Chip Deselect to Data 

Retention Time 

tcDR 

- 

5 

600 

- 

- 


Recovery to Normal 

Operation Time 

tRC 

- 

5 

600 

- 

- 


Vdd to Vdr Rise and 

Fall Time 

tr.tf 

2.5 

5 

1 

- 

- 

/JS 


•Typical values are for Ta = 25° C and nominal Vdd 



Fig 8 - Low Vdd data retention timing waveforms 
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Features 

• Industry Standard Pinout 

• Very Low Operating Current.8mA 

at Vqq a 5V and Cycie Time a l^s 

• Two Chip Seiect Inputs Simple Memory Expansion 

• Memory Retention for Standby.2V (Min) 

Battery Voltage 

• Output Disable for Common I/O Systems 

• 3-State Data Output for Bus Oriented Systems 

• Separate Data Inputs and Outputs 

• TTL Compatible (MWS5101 A) 


Pinout 


22 LEAD DIP 
TOP VIEW 



Ordering information 


Description 

The MWS5101 and MWS5101A are 256 word by 4 bit static 
random access memories designed for use in memory 
systems where high speed, very low operating current, and 
simplicity in use are desirable. They have separate data 
inputs and outputs and utilize a single power supply of 4 to 
6.5 volts. The MWS5101 and MWS5101A differ in input 
voltage characteristics (MWS5101A is TTL compatible). 

Two Chip Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output 
systems by forcing the output into a high impedance state 
during a write operation independent of the Chip Select input 
condition. The output assumes a high impedance state 
when the Out put D isable is at high level or when the chip is 
deselected by CS1 and/or CS2. 

The high noise immunity of the CMOS technology is 
preserved in this design. For TTL interfacing at 5V operation, 
excellent system noise margin is preserved by using an 
external pull-up resistor at each input. 

For applications requiring wider temperature and operating 
voltage ranges, the mechanically and functionally equivalent 
static RAM, CDP1822 may be used. 

The MWS5101 and MWS5101A types are supplied in 22 
lead hermetic dual-in-line, sidebrazed ceramic packages (D 
suffix), in 22 lead dual-in-line plastic packages (E suffix), and 
in chip form (H suffix). 





CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


File Number 1106.1 


CMOS MEMORY 





























MWS5101, MWS5101A 


OPERATIONAL MOOES 


INPUTS 




MODE 


Read 


Write 


Write 


Standby 


Standby 


Output Disable 


Logic 1 = High, Logic 0 = Low, X = Don’t Care 


CHIP SELECT 2 

OUTPUT 

CSa 

DISABLE OD 




OUTPUT 


Read 


Data In 


High impedance 


High Impedance 


High impedance 


High Impedance 


Functional Block Diagram 


(5) 

INPUT 

BUFFERS 

AND 

ALL ROWS 
DESELECT 
FUNCTION 


(8x32) (8x32) (8x32) 

STORAGE STORAGE STORAGE 

ARRAY I_J ARRAY _^ ARRAY 


BUFFER —pC 
»ITS DRIVERS \\Z* 


(3) 

INPUT 

- BUFFERS 
AND 

-ALL COLUMNS_ 
DESELECT 
“ FUNCTION 


COLUMN COLUMN COLUMN 

DECOD- DECOD- DECOD- 


CONTROL 

CS20^^M_A__ 


OUTPUT 

PROTECTION 

CIRCUIT 


OVER VOLTAGE 
PROTECTION 
CIRCUIT 





































Specifications MWS5101, MWS5101A 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vdd); 

(All Voltages Referenced to Vss Terminal).-0.5V to +7V 

Input Voltage Range, All Inputs.-0.5V to Vqq -^0.5V 

DC Input Current, Any One Input.±10mA 

Power Dissipation Per Package (Pq) 

Ta = -40®C to +60°C (Package Type E). 500mW 

Ta = +60°C to +85°C (Package Type E).Derate Linearly at 

12mW/°C to 200mW 

Ta = -55°C to +100°C (Package Type D). 500mW 

Ta = +100°C to +125°C (Package Type D)_Derate Linearly at 

12mW/°C to 200mW 


Device Dissipation Per Output Transistor 
Ta = Full Package Temperature Range 

(All Package Types).tOOmW 

Operating Temperature Range (Ta): 

Package Type D.-55°C to +125°C 

Package Type E.-40°C to +85°C 

Storage Temperature Range (T^jg).-65°C to +150°C 

Lead Temperature (During Soldering); 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265°C 


Recommended Operating Conditions 



At Ta = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 


ALL TYPES 


DC Operating Voltage Range 


Input Voltage Range 



Static Eiectricai Characteristics 


CHARACTERISTIC 


At Ta = 0°C to +70°C, Vqd = 5V ± 5% 


CONDITIONS 


Output Low (Sink) Current 


Output High (Source) Current 


Output Voltage Low-Level 


Output Voltage High-Level 


Input Low Voltage 


Input High Voltage 


Input Leakage Current 


Operating Current (Note 2) 


Input Capacitance 


Output Capacitance 


1. Typical values are for Ta = +25°C and nominal Vdd- 



(Note 1) 

TYP 

MAX 

25 

50 

100 

200 



(Note 1) 

TYP 

MAX 

25 

50 

100 

200 



2. Outputs open circuited; Cycle time = Ips. 
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Specifications MWS5101, MWS5101A 


Dynamic Electrical Characteristics at = o°c to +70°c, Vqd = 5V ± 5 % 


LIMITS (NOTE 1) 


CHARACTERISTIC 


READ CYCLE TIMES (FIGUF^ 1) 


Access from Address 


Output Valid from Chip Select 1 


Output Valid from Chip Select 2 


Output Valid from Output Disable 


Output Hold from Chip Select 1 


Output Hold from Chip Select 2 


Output Hold from Output Disable 


WRITE CYCLE TIMES (FIGURE 2) 


Write Cycle 


Address Setup 


Write Recovery 


Write Width 


input Data Setup Time 


Data in Hold 


Chip Select 1 Setup 


Chip Select 2 Setup 


Chip Select 1 Hold 


Chip Select 2 Hold 


Output Disable Setup 


(NOTE 2) 


(NOTE 3) 


(NOTE 2) 

(NOTE 3) 

TYP 

MAX 

MIN 

TYP 



1. MWS6101: tp t| = 20ns, V|n = O.TVqq, V|l = 3Vqq; Cl = 10OpF 2. Time required by a limit device to allow for the indicated function 

and MWS5101 A: tr, t, == 20ns, V|h = 2.2V, V|l = 0.65V; Cl = 50pF 3 jypjcai values are for Ta = 25®C and nominal Vqd 

and 1 TTL Load. 




FIGURE 1. READ CYCLE TIMING WAVEFORMS 


*toDs *8 required for common I/O operation only; for separate I/O 
operations, output disable is “don’t care” 

FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 
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MWS5101, MWS5101A 


Data Retention Characteristics at = o°c to +70°C; see Figure 3 


CHARACTERISTIC 


Minimum Data Retention Voltage 


Data Retention Quiescent Current 12 Types 

L3 Types 


Chip Deselect to Data Retention Time 


Recovery to Normal Operation Time 


Vqd to Vqr Rise and Fall Time 


NOTE; 

1. Typical Values are for T^ = 25°C and nominal Vqd 


SYMBOL 


Vnp 


TEST 

CONDITIONS 



LIMITS 


ALL TYPES 



(NOTE 1) 



MIN 

TYP 

MAX 

UNITS 



r 0 95 Vqd 0 95 Vqq n 

\_VDR_/ 


i'”Lir 

n 


WRITE 

ADDRESS 

DECODER 



READ 

ADDRESS ^ 
DECODER o 

hill— i 


FIGURE 3. LOW Vdq DATA RETENTION TIMING WAVEFORMS FIGURE 4. MEMORY CELL CONFIGURATION 


ONTROL 3 I 



CHIP-SELECT 

CONTROL 


CH|P-SELECT a 
R/W CONTROL 


disable \ ^ I 

I_I 

FIGURE 5. LOGIC DIAGRAM OF CONTROLS FOR MWS5101, MWS5101A 
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SEMICONDUCTOR 


HM-6508 


February 1992 


Features 

• Low Power Standby.50 |aW Max. 

• Low Power Operation.20mW/MHz Max. 

• Fast Access Time.180ns Max. 

• Data Retention.2.0V Min. 

• TTL Compatible Input/Output 

• High Output Drive - 2 TTL Loads 

• On-Chip Address Register 

Ordering Information 


PACKAGE 

TEMP. RANGE 

180ns 

250ns 

Plastic DIP 

-40°C to +85°C 

HM3-6508B-9 

HM3-6508-9 

Ceramic DIP 

-40°C to +85°C 

HM1-6508B-9 

HM1-6508-9 


V883 -55°Cto+125°C HM1-6508B/883 HM1-6508/883 

‘Respective /883 specifications are inciuded at the end of this 
datasheet 


1024x1 CMOS RAM 


Description 

The HM-6508 is a 1024 x 1 static CMOS RAM fabricated 
using seif-aligned silicon gate technology. Synchronous 
circuit design techniques are empioyed to achieve high 
performance and iow power operation. 

On chip latches are provided for address allowing 
efficient interfacing with microprocessor systems. The 
data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 

The HM-6508 is a fully static RAM and may be main¬ 
tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaran¬ 
teed over temperature. 


Pinout 


Functional Diagram 


16 LEAD DIP 

TOP VIEW 




DESCRIPTION 


Address Input 


Chip Enable 


Write Enable 


Data Input 


Data Output 


LATCHED 

ADDRESS 

REGISTER 


GATED I 
ROW 

decoder! 32 



I LATCHED ADDRESS I 
! REGISTER I 


AO A1 A2 A3 A4 


ALL UNES POSITIVE LOGIC - ACTIVE HIGH 
THREE STATE BUFFERS: 

A HIGH -> OUTPUT ACTIVE 

ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALUNG EDGE O^E 
GATE ON FALLING EDGE OF E 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications HM-6508 




Absolute Maximum Ratings Reliability Information 

Supply Voltage.+7.0V Thermal Resistance. 0ja 9jc 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Ceramic DIP Package. 75°C/W 15°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175°C Ceramic DIP Package.0.67 W 

Lead Temperature (Soldering 10s).+300°C Gate Count.1925 Gates 

Typical Derating Factor.1.5mA/MHz Increase in ICCOP 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any o&ier conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5^ Operating Temperature Range 

HM-6508B-9, HM-6508-9 .•40°C to +85°C 


DC Electrical Specifications vcc = 5V ± io%; t^ = -40°c to +85°c (hm-6508B-9, hm-6508-9) 


SYMBOL PARAMETER 


ICCSB Standby Supply Current 


Operating Supply 
Current (Note 1) 


ICC DR Data Retention Supply HM-6508B-9 

Current - 

HM-6508-9 


VCCDR Data Retention Supply Voltage 


Input Leakage Current 


Output Leakage Current 


Input Low Voltage 


Input High Voltage 


Output Low Voltage 


Output High Voltage 


Capacitance Ta = + 25 °c 



UNITS 

TEST CONDITIONS 

pA 

lO = 0mA, VI = VCC or GND, 

VCC = 5.0V 

mA 

E = 1 MHz, 10 = 0mA, VI = VCC or 
GND, VCC = 5.5V 

pA 

VCC = 2.0V, 10 = 0mA, VI = VCC or 
GND, E = VCC 

pA 



VCC-2.0 VCC+0.3 


0.4 



SYMBOL 

PARAMETER 

MAX 

UNITS 

Cl 

Input Capacitance (Note 2) 

6 

PF 

CO 

Output Capacitance (Note 2) 

10 

PF 


VI = VCC or GND, VCC = 5.5V 


VO = VCC or GND, VCC = 5.5V 


VCC = 4.5V 


VCC = 5.5V 


10 = 3.2mA, VCC = 4.5V 


lO = -0.4mA, VCC = 4.5V 


TEST CONDITIONS 


f = 1 MHz, All measurements are 
referenced to device GND 



NOTES: 

1. Typical derating 1.5mA/MHz Increase in ICCOP. 

2 . Tested at initial design and after major design changesi 
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Specifications HM-6508 


AC Electrical Specifications vcc = 5V ± io%; = -40°c to +85®c (hm-6508B-9, hm-6508-9) 


HM-6508B-9 


PARAMETER 


(1) 

TELQV 

(2) 

TAVQV 

(3) 

TELQX 

(4) 

TWLQ2 

(5) 

TEHQZ 

(6) 

TELEH 

(7) 

TEHEL 

(8) 

TAVEL 

(9) 

TELAX 

(10) 

TDVWH 

(11) 

TWHDX 

(12) 

TWLEH 

(13) 

TELWH 

(14) 

TWLWH 

(15) 

TELEL 



TEST 

CONDITIONS 


(Notes 1, 3) 


(Notes 1,3,4) 


(Notes 2,3) 


(Notes 2, 3) 


(Notes 2, 3) 


(Notes 1, 3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1, 3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 

4. TAVQV = TELQV + TAVEL. 


1.5V; Output load: 
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HM-6508 


Timing Waveforms 


READ CYCLE 





-I TEHQzj-^ (5) 


TRUTH TABLE 



In the HM-6508 Read Cycle, the address information is 
latched into the on chip registers on the falling edge of E (T = 
0). Minimum address setup and hold time requirements must 
be met. After the required hold time, the addresses may 
change state without affecting device operation. During time 
(T = 1) the data output becomes enabled; however, the data 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


is not valid until during time (T = 2). W must remain hjgh for 
the read cycle. After the output data has been read, E may 
return high (T = 3). This will disable the chip and force the 
output buffer to a high impedance state. After the required E 
high time (TEHEL) the RAM is ready for the next memory 
cycle (T = 4). 
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HM-650d 


Timing Waveforms (Continued) 


WRITE CYCLE 



-TWLEH 

( 14 )^. 



VALID DATA INPUT 


-TWHDX(11) 


TRUTH TABLE 


TIME 

REFERENCE 



The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as both E and W 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion ofjhe cycle is terminated 
by the first rising edge of either E or W. Data setup and hold 
times must be referenced to the terminating signal. 

If a ^ries of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data set^ and hold 
times must be referenced to the rising edge of E. By posi¬ 


OUTPUTS 

FUNCTION 

Q 

2 

Memory Disabled 

Z 

Cycle Begins, Addresses are Latched 

Z 

Write Period Begins 

Z 

Data is Written 

Z 

Write Completed 

Z 

Prepare for Next Cycle (Same as -1) 

Z 

Cycle Ends, Next Cycle Begins (Same as 0) 


tioning the W pulse at different times within the E low time 
(TELEH), various types of write cycles may be performed. 

If the E low time (TELEH) is greater than the W pulse 
(TWLWH) plus an output enable time (TELQX), a combina¬ 
tion read write cycle is executed. Data may be modified an 
Indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method_allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 


Test Load Circuit 


‘ TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 
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SEMICONDUCTOR 


HM-6508/883 


February 1992 


Features 

• This Circuit is Processed in Accordance to 
Mil-Std-883 and is Fully Conformant Under the Provi¬ 
sions of Paragraph 1.2.1. 

• Low Power Standby.50^W Max. 

• Low Power Operation.20mW/MHz Max. 

• Fast Access Time.180ns Max. 

• Data Retention.2.0V Min. 

• TTL Compatibie Input/Output 

• High Output Drive - 2 TTL Loads 

• On-Chip Address Register 


1024x1 CMOS RAM 


Description 

The HM-6508/883 is a 1024 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. 
Synchronous circuit design techniques are employed to 
achieve high performance and low power operation. 

On chip latches are provided for address allowing efficient 
interfacing with microprocessor systems. The data output 
buffers can be forced to a high impedance state for use in 
expanded memory arrays. 

The HM-6508/883 is a fully static RAM and may be main¬ 
tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 « cq 


File Number 2985 


CMOS MEMORY 

























Specifications HM-6508/883 


Absolute Maximum Ratings 


Reiiabiiity Information 


Supply Voltage.+7.0V Thermal Resistance. 0ja 9jc 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Ceramic DIP Package. 75°C/W 15°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+ 175°C Ceramic DIP Package.0.67 W 

Lead Temperature (Soldering 10s).+300°C Gate Count.1925 Gates 

Typical Derating Factor.1.5mA/MHz Increase In ICCOP 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in ‘Alxolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Input High Voltage.VCC -2.0V to VCC 

Operating Temperature Range.-55°C to +125°C Input Rise and Fall Time.40ns Max. 

Input Low Voltage.OV to +0.8V 


TABLE 1. HM-6508/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


PARAMETER 


Output Low Voltage 


Output High Voltage 


Input Leakage Current 


Output Leakage Current 



VCC = 4.5V, 
lOL = 3.2mA 


VOH VCC = 4.5V, 
lOH = -0.4mA 


VCC = 5.5V, 

VI = GND or VCC 


VCC = 5.5V, 

VO = GND or VCC 


Data Retention Supply Current ICCDR VCC = 2.0V, 

E = VCC, 


HM-6508B/883 


HM-6508/883 


Operating Supply Current 


Standby Supply Current 


10 = 0mA, 
VUVCC or GND 


ICCOP VCC = 5.5V, 
^Note 2), 
E=:1MHz, 
10 = 0mA, 


ICCSB VCC = 5.0V, 

10 = 0mA, 
VUVCC or GND 


GROUPA 
SUBGROUPS 

TEMPERATURE 

1,2,3 

-55°C<Ta^+125®C 

1.2,3 

-55°C < Ta < +125°C 

1,2,3 

-55®C<Ta^+125°C 

1,2,3 

-55°C < Ta ^ +125°C 

1,2,3 

-55°C^Ta<+125°C 

1,2,3 

-55°C<Ta<+125°C 

1,2,3 

-55°C<Ta<+125®C 




NOTES: 

1. All voltages referenced to device GND. 

2. Typical derating 1.5mA/MHz increase In ICCOP 


CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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Specifications HM-6508/883 


TABLE 2. HM-6508/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER 

SYMBOL 

(NOTES 1,2) 

CONDITIONS 

GROUP A 
SUB¬ 
GROUPS 

TEMPERATURE 

LIMITS 

UNITS 

HM-6508B/883 

HM-6508/883 

MIN 

MAX 

MIN 

MAX 

Chip Enable 
Access Time 

(1) TELQV 

VCC = 4.5 and 
5.5V 

9, 10. 11 

-55°C ^ Ta < +125°C 

■ 

180 

- 

250 

ns 

Address Access 
Time 

(2) TAVQV 

VCC = 4.5 and 
5.5V , Note 3 

9. 10, 11 

-55°C ^ Ta ^ +125°C 


180 

- 

250 

ns 

Chip Enable 

Output Disable 
Time 

(3) TELQX 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta < +125°C 

5 

■ 

5 

■ 

ns 

Write Enable 
Output Disable 
Time 

(4) TWLQZ 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta < +125°C 

■ 

120 

■ 

160 

ns 

Chip Enable 

Output Disable 
Time 

(5) TEHQZ 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta < +125°C 

■ 

120 

■ 

160 

ns 

Chip Enable 

Pulse Negative 
Width 

(6) TELEH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta < +125°C 

180 

■ 

250 

■ 

ns 

Chip Enable 

Pulse Positive 
Width 

(7) TEHEL 

VCC = 4.5 and 

5.5 V 

9, 10, 11 

-55°C<Ta<+125°C 

100 

■ 

100 

■ 

ns 

Address Setup 
Time 

(8) TAVEL 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C<Ta<+125°C 

0 

- 

0 

- 

ns 

Address Hold 

Time 

(9) TELAX 

VCC = 4.5 and 

5.5 V 

9, 10. 11 

-55°C<Ta<+125°C 

40 

■ 

50 

- 

ns 

Data Setup Time 

(10) TDVWH 

VCC = 4.5 and 
5.5V 

9, 10. 11 

-55°C<Ta<+125°C 

80 

■ 

110 

- 

ns 

Data Hold Time 

(11) TWHDX 

VCC = 4.5 and 
5.5V 

9. 10, 11 

-55°C < Ta < +125°C 

0 

■ 

0 

- 

ns 

Chip Enable Write 
Pulse Setup Time 

(12) TWLEH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta < +125°C 

100 

■ 

130 

- 

ns 

Chip Enable Write 
Pulse Hold Time 

(13) TELWH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta < +125°C 

100 

■ 

130 

- 

ns 

Write Enable 

Pulse Width 

(14) TWLWH 

VCC = 4.5 and 
5.5V 

9,10,11 

. 

-55°C<Ta<+125°C 

100 

- 

130 

- 

ns 

Read or Write 
Cycle Time 

(15) TELEL 

VCC = 4.5 and 
5.5V 

9,10,11 

-55°C<Ta<+125°C 

280 

■ 

350 

- 

ns 


NOTES: 

1. All voltages refererx:ed to device GND. 

2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

3. TAVQV = TELQV + TAVEL. 


CAUTION: These devices are sensitive to electronic discharge Proper 1C handling procedures should be followed. 
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Specifications HM-6508/883 


TABLE 3. HM-6508/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

CONDITIONS 

NOTE 

TEMPERATURE 

LIMITS 

UNITS 

MIN 

MAX 

Input Capacitance 

Cl 

VCC = Open, f=1MHz, All 
Measurements Referenced 
to Device Ground 

■ 

Ta = +25°C 

* 

6 

PF 

Output Capacitance 

CO 

VCC = Open, f= 1MHz, All 
Measurements Referenced 
to Device Ground 

■ 

Ta = +25°C 

■ 

10 

PF 


NOTE: 

1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after msyor 
process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS 

METHOD 

SUBGROUPS 

Initial Test 

100%/5004 

- 

Interim Test 

100%/5004 

1.7,9 

PDA 

100%/5004 

1 

Final Test 

100%/5004 

2, 3,8A,8B, 10,11 

Group A 

Samples/5005 

1,2, 3, 7, 8A, 8B, 9, 10, 11 

Groups C & D 

Samples/5005 

1,7,9 


CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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HfA-650m83 



In the HM-6508/883 Read Cycle, the address information is 
latched into the on chip registers on the falling edge of E (T = 
0). Minimum address setup and hold time requirements must 
be met. After the required hold time, the addresses may 
change state without affecting device operation. During time 
(T = 1) the data output becomes enabled; however, the data 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


is not valid until during time (T = 2). W must remain hjgh for 
the read cycle. After the output data has been read, E may 
return high (T = 3). This will disable the chip and force the 
output buffer to a high impedance state. After the required E 
high time (TEHEL) the RAM is ready for the next memory 
cycle (T = 4). 
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HM-6508/883 


Timing Waveforms (Continued) 


WRITE CYCLE 


--TELEL- 

-TELEH—-» 

( 6 ) 



TRUTH TABLE 



The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers^ 
The write portion of the cycle is defined as both E and W 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion ofthe cycle is terminated 
by the first rising edge of either E or W. Data setup and hold 
times must be referenced to the terminating signal. 

If a ^ries of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. By posi¬ 


OUTPUTS 

FUNCTION 

Q 

Z 

Memory Disabled 

z 

Cycle Begins, Addresses are Latched 

z 

Write Period Begins 

z 

Data is Written 

z 

Write Completed 

z 

Prepare for Next Cycle (Same as -1) 

z 

Cycle Ends, Next Cycle Begins (Same as 0) 


tioning the W pulse at different times within the E low time 
(TELEH), various types of write cycles may be performed. 

If the E low time (TELEH) is greater than the W pulse 
(TWLWH) plus an output enable time (TELQX), a combina¬ 
tion read write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method_allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 


Test Load Circuit 


T)ioh © 1.5V CD lOL 


‘ TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


EQUIVALENT CIRCUIT 
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HM-6S08/883 


Burn-In Circuit 


All resistors 47kW ± 5% 

F0 = 100kHz ±10% 

FI = FO + 2, F2 = FI + 2, F3 = F2 + 2 ... F12 = F11 + 2 
VCC = 5.5V ± 0.5V 
VIH = 4.5V±10% 

VIL = -0.2V to +0.4V 
Cl =0.01nF Min. 


Packaging 





LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 


.008 * 
.015 


INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T16 



NOTE: All Dimensions are JILL, Dimensions are in inches. 
Max 


CMOS MEMORY 









HM-6508/883 


Metallization Topology 

DIE DIMENSIONS: 

130x150x19±1mils 

METALLIZATION: 

Type: Si - Al 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 

Type: Si02 

Thickness: 8kA ± 1kA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

WORST CASE CURRENT DENSITY: 

1.342 X 10^ A/cm^ 

LEAD TEMPERATURE (10 seconds soldering): 
<300°C 


Metallization Mask Layout 

HM-6508/883 



Q GND A5 
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SEMICONDUCTOR 


HM-6518 


February 1992 


Features 

• Low Power Standby.50|iW Max. 

• Low Power Operation.20mW/MHz Max. 

• Fast Access Time.180ns Max. 

• Data Retention.@ 2.0V Min. 

• TTL Compatible Input/Output 

• High Output Drive - 2 TTL Loads 

• High Noise immunity 

• On-Chip Address Register 

• Two-Chip Selects for Easy Array Expansion 

• Three-State Output 


Ordering Information 


1024x1 CMOS RAM 


Description 

The HM-6518 is a 1024 x 1 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high 
performance and low power operation. 

On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high Impedance 
state for use in expanded memory arrays. 

The HM-6518 is a fully static RAM and may be maintained In 
any state for an indefinite period of time. Data retention 
supply voltage and supply current are guaranteed over¬ 
temperature. 



PACKAGE 

TEMPERATURE RANGE 

180ns 

250ns 

Plastic DIP 

-40°C to +85°C 

HM3-6518B-9 

HM3-6518-9 

Ceramic DIP 

-40°C to +85°C 

HM1-6518B-9 

HM1-6518-9 

V883 

-55°C to +125°C 

HM1-6518B/883 

HM1-6518/883 



Pinout 


Respective /883 specifications are included at the end of this data sheet. 


Functional Diagram 


18 LEAD DIP 

TOP VIEW 



vcc 

AS O- 

A6 O- 

LATCHED 


GATED 



A7 0- 

ADDRESS 


ROW 

^32 


A8 O - 

REGISTER 

A 

DECODER 

D 

A9 O- 







DESCRIPTION 


Address Input 


Chip Enable 


Write Enable 


Chip Select 


Data Input 


Data Output 



CAUTION These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 6-67 
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Specifications HM-6518 


Absolute Maximum Ratings 


Reiiabiiity Information 


Supply Voltage.+7.0V Thermal Resistance 0ja 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Ceramic DIP Package. 75°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 


Junction Temperature.+175®C Ceramic I 

Lead Temperature (Soldering 10s).+300°C Gate Count 

ESD Classification.Class 1 


Ceramic DIP Package.0.67W 

ate Count.1936 Gates 


CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any od)er conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.... 


44.5V to 4-5.5V Operating Temperature Range 

HM-6618B-9. HM-6518-9 .-40°C to +85°C 


DC Eiectricai Specifications vcc = 5V ± io%; t^ = -40°c to 4-85°c (hm-6518B-9. hm-6518-9) 


LIMITS 

SYMBOL MIN 


ICCSB 


PARAMETER 


Standby Supply Current 


Operating Supply 
Current (Note 1) 


Data Retention Supply HM-6518B-9 

Current - 

HM-6518-9 


Data Retention Supply Voltage 


Input Leakage Current 


Output Leakage Current 


Input Low Voltage 


Input High Voltage 


Output Low Voltage 


Output High Voltage 


TEST CONDITIONS 



10 = 0mA, VI = VCC or GND, 
VCC = 5.5V 


E = 1 MHz, 10 = 0mA, VI = VCC or 
GND, VCC = 5.5V 


VCC = 2.0V, 10 = 0mA, VI = VCC or 
GND, E = VCC 


VI = VCC or GND, VCC = 5.5V 


VO = VCC or GND, VCC = 5.5V 


VCC = 4.5V 


VCC = 5.5V 


10 = 3.2mA, VCC = 4.5V 


10 =-0.4mA, VCC = 4.5V 


Capacitance Ta = + 25 °c 




PARAMETER 

SYMBOL 

Input Capacitance (Note 2) 

Cl 

Output Capacitance (Note 2) 

CO 



TEST CONDITIONS 


f = 1MHz, All measurements are 
referenced to device GND 




1. Typical derating 1.5mA/MHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC. handling procedures should be followed. 
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Specifications HM-6518 


AC Electrical Specifications vcc = 5V ± io%; = -40°c to +85°c (hm-6518B-9, hm-6518-9) 


PARAMETER 

SYMBOL 

LIMITS 

UNITS 

TEST 

CONDITIONS 

HM-6518B-9 

HM-6518-9 

MIN 

MAX 

MIN 

MAX 

Chip Enable Access Time 

(1) TELQV 

- 

180 

- 

250 

ns 

(Notes 1,3) 

Address Access Time 

(2) TAVQV 

- 

180 

- 

250 

ns 

(Notes 1,3,4) 

Chip Select Output Enable Time 

(3) TSLQX 

5 

120 

5 

160 

ns 

(Notes 2, 3) 

Write Enable Output Disable Time 

(4) TWLQZ 

- 

120 

- 

160 

ns 

(Notes 2, 3) 

Chip Select Output Disable Time 

(5) TSHQZ 

- 

120 

- 

160 

ns 

(Notes 2,3) 

Chip Enable Pulse Negative Width 

(6) TELEH 

180 

- 

250 

- 

ns 

(Notes 1,3) 

Chip Enable Pulse Positive Width 

(7) TEHEL 

100 

- 

100 

- 

ns 

(Notes 1,3) 

Address Setup Time 

(8) TAVEL 

0 

- 

0 

- 

ns 

(Notes 1,3) 

Address Hold Time 

(9) TELAX 

40 

- 

50 

- 

ns 

(Notes 1,3) 

Data Setup Time 

(10) TDVWH 

80 

- 

110 

- 

ns 

(Notes 1,3) 

Data Hold Time 

(11) TWHDX 

0 

- 

0 

- 

ns 

(Notes 1,3) 

Chip Select Write Pulse Setup Time 

(12) TWLSH 

100 

- 

130 

- 

ns 

(Notes 1,3) 

Chip Enable Write Pulse Setup Time 

(13) TWLEH 

100 

- 

130 

- 

ns 

(Notes 1,3) 

Chip Select Write Pulse Hold Time 

(14) TSLWH 

100 

- 

130 

- 

ns 

(Notes 1,3) 

Chip Enable Write Pulse Hold Time 

(15) TELWH 

100 

- 

130 

- 

ns 

(Notes 1,3) 

Write Enable Pulse Width 

(16) TWLWH 

100 

- 

130 

- 

ns 

(Notes 1,3) 

Read or Write Cycle Time 

(17) TELEL 

280 

- 

350 

- 

ns 

(Notes 1,3) 


NOTES: 

1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 

4. TAVQV = TELQV + TAVEL. 
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HM-6518 


Timing Waveforms 


READ CYCLE 






_III 



h--TELQVl 

-TAVOV |2)-~7~* 


VALID OUTPUT LATCHED 


TIME 

REFERENCE ' 


TIME 

REFERENCE 


TRUTH TABLE 



Device Disabled, Prepare for Next Cycle 
(Same as-1) 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high 


In the HM-6518 read cycle the address information is 
latched Into the on chip registers on the falling edge of E 
(T = 0). Minimum address setup and hold time require¬ 
ments must be met. After the required hold time the 
addresses may change state without affecting device oper- 
ation. In order for the output to be read SI, S2 and E must 


be low, W must be high. When E goes high the output data 
Is latched Into an on chip register. Taking either or both SI 
or S2 high forces the output buffer to a high impedance 
state. T]Te outg^t data may be re-enabled ^ any time by 
taking SI and S2 low. On the falling edge of E the data will 
be unlatched. 


6-70 








































HM-6518 


Timing Waveforms (Continued) 


WRITE CYCLE 


|8| I I 19) 
TAVEL-^ [“wTELAX 



TRUTH TABLE 


TIME 

REFERENCE 



Write Completed 

Prepare for Next Cycle (Same as -1) 

Cycle Ends, Next Cycle Begins (Same as 0) 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high 


The write cycle is initiated by the falling edge of E which 
latches the address information into the oji chip registers. 
The write portion of the cycle is defined as E, W, S1 and S2 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write porti^ of the cycle is terminated 
by the first rising edge of either E, W, S1 or S2. Data setup 
and hold times must be referenced to the terminating signal. 

If a ^ries of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup an^ hold 
times must be referenced to the rising edqe of E. By 


Test Load Circuit 


positioning the W pulse at different times within the E low 
time (TELEH), various types of write cycles may ^ 
performed. If the E low time (TELEH) is greater than the W 
pulse (TWLWH) plus an output enable time (TSLQX), a 
combination read write cycle Is executed. Data may be 
modified an indefinite number of times during any write cycle 
(TELEH). 

The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method_allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying Input data to 
the bus. This will insure that the output buffers are not active. 



T) lOH (±)1-5V 0) lOL 


‘ TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


EQUIVALENT CIRCUIT 
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SEMICONDUCTOR 


HM-6518/883 


January 1992 


1024x1 CMOS RAM 


Features 

• This Circuit is Processed in Accordance to Mii-Std- 
883 and is Fuliy Confornnant Under the Provisions of 
Paragraph 1.2.1. 

• Low Power Standby.SO^iWMax. 

• Low Power Operation.20niW/MHzMax. 

• Fast Access Time.180ns Max. 

• Data Retention. e 2.0V Min. 

• TTL Compatible Input/Output 

• High Output Drive - 2 TTL Loads 

• High Noise Immunity 

• On-Chip Address Register 

• Two-Chip Selects for Easy Array Expansion 

• Three-State Output 


Description 

The HM-6518/883 is a 1024 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. 
Synchronous circuit design techniques are employed to 
achieve high performance and low power operation. 

On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 

The HM-6518/883 is a fully static RAM and may be 
maintained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 « 
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Specifications HM-6518/883 


Absolute Maximum Ratings Reliability Information 

Supply Voltage.+7.0V Thermal Resistance 0ja 0jc 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Ceramic DIP Package. 75°C/W 18°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175°C Ceramic Dl P Package.0.67W 

Lead Temperature (Soldering 10s).+300°C Gate Count.1936 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any offier conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Input High Voltage.VCC - 2.0V to VCC 

Operating Temperature Range.-55°C to ■l•125°C Input Rise and Fall Time.40ns Max 

Input Low Voltage.OV to +0.8V 


TABLE 1. HM-6518/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 



SYMBOL CONDITIONS SUBGROUPS TEMPERATURE 


MIN MAX 



Output Low Voltage 


Output High Voltage 


Input Leakage Current 


Output Leakage Current 


VCC = 4.5V, 
lOL = 3.2mA 


VOH VCC = 4.5V, 
lOH = -0.4mA 


VCC = 5.5V, 

VI = GND or VCC 


VCC = 5.5V, 

VO = GND or VCC 



Data Retention Supply Current ICCDR VCC = 2.0V, 

E = VCC, 


HM-6518B/883 


HM-6518/883 


Operating Supply Current 


Standby Supply Current 


10 = 0mA, 

VI = VCC or GND 


ICCOP VCC = 5.5V, 
{Note 2), 

E = 1MHz, 

10 = 0mA, 

VI = VCC or GND 


ICCSB VCC = 5.5V, 

10 = 0mA, 

VI = VCC or GND 


-55°C<Ta<+125°C 


-55°C<Ta<+125°C 


-55°C<Ta<+125°C -1.0 +1.0 


-55°C<Ta<+125°C -1.0 +1.0 





-55°C<Ta<+125°C 


-55°C < Ta < +125°C 


-55°C < Ta < +125°C 





1. All voltages referenced to device GND. 

2. Typical derating 1.5mA/MHz increase in ICCOP 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HM-6518/883 


TABLE 2. HM-6518/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER 

SYMBOL 

(Notes 1,2) 
CONDITIONS 

GROUP A 
SUB¬ 
GROUPS 

TEMPERATURE 

LIMITS 

UNITS 

HM-6518B/883 

HM-6518/883 

MIN 

MAX 

MIN 

MAX 

Chip Enable 

Access Time 

(1) TELQV 

VCC = 4.5 and 
5.5V 

9,10, 11 

-55°C ^ Ta ^ +125°C 

- 

180 

- 

250 

ns 

Address Access 
Time 

(2) TAVQV 

VCC = 4.5 and 
5.5V. Note 3 

9,10, 11 

-55°C ^ Ta ^ +125°C 

■ 

180 

- 

250 

ns 

Chip Select 

Ou^ut Enable 

Time 

(3) TSLQX 

VCC = 4.5 and 
5.5V 

9,10,11 

-55°C^Ta:S+125°C 

5 

■ 

5 

■ 

ns 

Write Enable 

Output Disable 

Time 

(4) TWLQZ 

VCC = 4.5 and 
5.5V 

9,10, 11 

-55°C ^ Ta S +125°C 

■ 

120 

■ 

160 

ns 

Chip Select 

Output Disable 

Time 

(5) TSHQZ 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta ^ +125°C 

■ 

120 

■ 

160 

ns 

Chip Enable Pulse 
Negative Width 

(6) TELEH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta +125°C 

180 

* 

250 

- 

ns 

Chip Enable Pulse 
Positive Width 

(7) TEHEL 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C Ta < +125°C 

100 

■ 

100 

- 

ns 

Address Setup 

Time 

(8) TAVEL 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta ^ +125°C 

0 

■ 

0 

- 

ns 

Address Hold Time 

(9) TELAX 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta < +125°C 

40 

■ 

50 

- 

ns 

Data Setup Time 

(10) TDVWH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta ^ +125°C 

80 

- 

110 

- 

ns 

Data Hold Time 

(11) TWHDX 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta ^ +125°C 

0 

■ 

0 

’ 

ns 

Chip Select Write 
Pulse Setup Time 

(12) TWLSH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta ^ +125°C 

100 

■ 

130 

- 

ns 

Chip Enable Write 
Pulse Setup Time 

(13) TWLEH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta < +125°C 

100 

- 

130 

- 

ns 

Chip Select Write 
Pulse Hold Time 

(14) TSLWH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta < +125°C 

100 

■ 

130 

- 

ns 

Chip Enable Write 
Pulse Hold Time 

(15) TELWH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta < +125°C 

100 

• 

130 

- 

ns 

Write Enable Pulse 
Width 

(16) TWLWH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta < +125°C 

100 

■ 

130 

- 

ns 

Read or Write 

Cycle Time 

(17) TELEL 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta ^ +125°C 

280 

■ 

350 

- 

ns 


NOTES: 

1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
■1TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

3. TAVQV = TELQV + TAVEL. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HM-6518/883 


TABLE 3. HM-6518/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


CONDITIONS 


VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


VCC = Open, f= 1MHz, All 
Measurements Referenced 
to Device Ground 


NOTE: 1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after 
major process and/or design changes. 




TABLE 4. APPLICABLE SUBGROUPS 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


6-75 


CMOS MEMORY 


















































HM-6518/883 



H 

H 

X 


X 

H 


Memory Disabled 


Cycle Begins, Addresses are Latched 


Output Enabled 


Output Valid 


Output Latched 

Device Disabled, Prepare for Next Cycle 
(Same as-1) 

Cycle Ends, Next Cycle Begins 
(Same as 0) 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high 


In the HM-6518/883 read cycle the address information is 
latched into the on chip registers on the falling edge of E 
(T = 0). Minimum address setup and hold time require¬ 
ments must be met. After the required hold time the 
addresses may change state without affecting device oper- 
atlon. In order for the output to be read SI, S2 and E must 


be low, W must be high. When E goes high the output data 
is latched into an on chip register. Taking either or both SI 
or S2 high forces the output buffer to a high impedance 
state. Th_e outgi^t data may be re-enabled ^ any time by 
taking SI and S2 low. On the falling edge of E the data will 
be unlatched. 
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HM-6518/883 


Timing Waveforms (Continued) 


WRITE CYCLE 


|8l , . (9) 

TAVEL H UtELAX 



TRUTH TABLE 


TIME 

REFERENCE 



Write Completed 

Prepare for Next Cycle (Same as -1) 

Cycle Ends, Next Cycle Begins (Same as 0) 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high 


The write cycle is initiated by the falling edge of E which 
latches the address information into the 0 £ chip registers. 
The write portion of the cycle is defined as E, W, S1 and S2 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E, W, S1 or S2. Data setup 
and hold times must be referenced to the terminating signal. 

If a ^ries of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup an^hold 
times must be referenced to the risinq edqe of E. By 


Test Load Circuit 


positioning the W pulse at different times within the E low 
time (TELEH), various types of write cycles may be 
performed. If the E low time (TELEH) is greater than the W 
pulse (TWLWH) plus an output enable time (TSLQX), a 
combination read write cycle Is executed. Data may be 
modified an indefinite number of times during any write cycle 
(TELEH). 

The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM In this method_allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will Insure that the output buffers are not active. 


‘ TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 
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HM-6518/883 


Burn-In Circuit 


HM-6518/883 CERAMIC DIP 



All resistors 47kW ±5% 

F0 = 100kHz ±10% 

FI = FO1- 2, F2 = FI 2, F3 = F2 -H 2 ... F12 = F11 + 2 
VCC = 5.5V±0.5V 
VIH = 4.5V±10% 


VIL = -0.2V to +0.4V 
Cl =0.01nFMin. 


Packaging 


16 PIN CERAMIC DIP 





INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 


COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 


NOTE: All Dimensions are Dimensions are in inches. 

Max 
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HM-6518/883 


Metallization Topology 

DIE DIMENSIONS: 

130 X 150x 19± Imils 

METALLIZATION: 

Type: Si - Al 
Thickness; 11 kA ± 2kA 

GLASSIVATION: 

Type; SiOj 

Thickness: 8kA± IkA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

WORST CASE CURRENT DENSITY: 
1.342x10® A/cm^ 


Metallization Mask Layout 

HM-6518/883 


E S1 VCC S2 



Q Qfjp AS 


NOTE: Pin Numbers Correspond to DIP Package Only 
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SEMICONDUCTOR 


HM-6551 


February 1992 


256 X 4 CMOS RAM 


Features 

• Low Power Standby. 

• Low Power Operation. 

• Fast Access Time. 

• Data Retention. 

• TTL Compatible Input/Output 

• High Output Drive -1 TTL Load 

• Internal Latched Chip Select 

• High Noise Immunity 

• On-Chip Address Register 

• Latched Outputs 

• Three-State Output 


.50^W Max. 

. 20mW/MHz Max. 

. 220ns Max. 

.@ 2.0V Min. 


Description 

The HM-6551 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high 
performance and low power operation. 

On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 

The HM-6551 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. Data retention 
supply voltage and supply current are guaranteed over¬ 
temperature. 


Ordering Information 


PACKAGE 



TEMPERATURE RANGE 


Plastic DIP 

-40°C to +85°C 

HM3-6551B-9 

HM3-6551-9 

Ceramic DIP 

-40°C to +85°C 

HM1-655IB-9 

HM1-6551-9 

* /883 

-55°C to +125°C 

HM1-6551B/883 

HM 1-6551/883 



Respective /883 specifications are included at the end of this data sheet. 





CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


File Number 2989 
















































Specifications HM-6551 


Absolute Maximum Ratings Reliability Information 

Supply Voltage.+7.0V Thermal Resistance 0ja 0jc 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Ceramic DIP Package. 60°C/W 15®C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175°C Ceramic DIP Package.0.83W 

Lead Temperature (Soldering 10s).+300°C Gate Count.1930 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.... 


+4.5V to +5.5V Operating Temperature Range 

HM-6651B-9, HM-6551-9 .-40°Cto+85°C 


DC Eiectricai Specifications vcc = 5V ± io%; t^ = -40®c to +85®c (hm-6551B-9, hm-6551-9) 


UMITS 


SYMBOL 


ICCSB 



PARAMETER 


Standby Supply Current 


Operating Supply Current (Note 1) 


Data Retention Supply Current 


Data Retention Supply Voltage 


Input Leakage Current 


Output Leakage Current 


Input Low Voltage 


Input High Voltage 


Output Low Voltage 


Output High Voltage 



TEST CONDITIONS 


VCC-2.0 VCC+0.3 


0.4 



10 = 0mA, VI = VCC or GND, 
VCC = 5.5V 


E = 1MHz, lO = Om^, VCC = 5.5V, 
VI = VCC or GND, W = GND, 


VCC = 2.0V, 10 = 0mA, VI = VCC or 
GND, E = VCC 


VI = VCC or GND, VCC = 5.5V 


VO = VCC or GND, VCC = 5.5V 


VCC = 4.5V 


VCC = 5.5V 


10= 1.6mA, VCC = 4.5V 


lO = -0.4mA, VCC = 4.5V 




Capacitance Ta = + 25 °c 


SYMBOL 

PARAMETER 

MAX 

UNITS 

TEST CONDITIONS 

Cl 

Input Capacitance (Note 2) 

6 

PF 

f = 1 MHz, All measurements are 

CO 

Output Capacitance (Note 2) 

10 

PF 

referenced to device GND 


NOTES: 

1. Typical derating 1.5mA/MHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM-6551 


AC Electrical Specifications vcc = 5V ± io%; = -40°c to +85°c (hm-6551B-9, hm-6551-9) 



NOTES: 

1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 

4. TAVQV = TELQV + TAVEL. 
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HM-6551 




H 

H 


X 


The HM-6551 Read Cycle is initiated by the failing edge of E. 
This signal latches the input address word and S2 into on 
chip registers providing the minimum setup and hold times 
are met. After the required hold time, these jnputs may 
change state without affecting device operation. S2 acts as a 
high order address and simplifies ^coding. For the oi^put to 
be read, E, SI must be low and W must be high. S2 must 
have been latched low on the falling edge of E. The output 


data will be valid at access time (TELQV). The HM-6551 has 
output d^a latches that are controlled by E. On the rising 
edge of EJhe present data is latched and_remains in that 
state until E falls. Also on the rising ^e of E, S2 unlatches 
and controls the outputs along with SI. Either or both SI or 
S2 may be used to force the output buffers into a high 
impedance state. 
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HM-6551 


Timing Waveforms (Continued) 


WRITE CYCLE 


18) . .110) 
TAVEL-«>j UsTELAXi 


(9) I TELS2X , 

^ -mil 


-TWLWH- 

(18) 

-TS1LWH- 


TRUTH TABLE 


TIME 

REFERENCE 



In the Write Cycle the falling edge _of E latches the 
addresses and S2 into on chip registers. S2 must be latched 
in the low state to enable the device. The wri^ portion of the 
cycle is defined as EJW. SI being low and S2 being latched 
simultaneously. The W line may go low at any time during 
the cycle providing that the write pulse setup times (TWLEH 
and TWLS1H) are met. The write portlon_ofJhe cycle Is ter¬ 
minated on the first rising edge of either E, W, or S1. 

If_a series of consecutive write cycles are to be executed, the 
W line may be held low until ail desired locations have been 
written. If this method Is used, data setup and hold times 
must be referenced to the first rising edge of E or S1. By 


Write is Completed 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


gositloning the write pulse at different times within the E and 
S1 low time (TEL^), various types of write cycles may be 
performed. If the SI low time (TS1LS1H) is greater than the 
W pulse plus an output enable time (TS1LQX), a combina¬ 
tion read-write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 

The HM-6551 may be used on a common I/O bus structure by 
tying the input and output pinsjogether. The multiplexing is 
accomplished internally by the W line, in the write cycle, when 
W goes low, the output buffers are forced to a high impedance 
state. One output disable time delay (TWLQZ) must be 
allowed before applying input data to the bus. 


Test Load Circuit 


(T)|0H ©1-5V (T)iOL 


‘ TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


EQUIVALENT CIRCUIT 
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HM-6551/883 



January 1992 


Features 

• This Circuit is Processed in Accordance to Mil>Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• Low Power Standby.50|iW Max. 

• Low Power Operation.20mW/MHz Max. 

• Fast Access Time. 220ns Max. 

• Data Retention.@ 2.0V Min. 

• TTL Compatible Input/Output 

• High Output Drive - 1 TTL Load 

• Internal Latched Chip Select 

• High Noise Immunity 

• On-Chip Address Register 

• Latched Outputs 

• Three-State Output 


Pinout 

HM1-6551/883 (CERAMIC DIP) 
TOP VIEW 


Description 

The HM-6551/883 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous cir¬ 
cuit design techniques are employed to achieve high perfor¬ 
mance and low power operation. On chip latches are 
provided for address and data outputs allowing efficient 
interfacing with microprocessor systems. The data output 
buffers can be forced to a high impedance state for use in 
expanded memory arrays. 

The HM-6551/883 is a fully static RAM and may be main¬ 
tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 



CAUTION; These devices are sensitive to electrostatic discharge Users should follow proper I.C. Handling Procedures 
Copyright © Harris Corporation 1992 


File Number 2988 
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Specifications HM-6551/883 


Absolute Maximum Ratings Reliability Information 

Supply Voltage.+7.0V Thermal Resistance 0j« 6jc 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Ceramic DIP Package. 60®C/W 15®C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125®C 

Junction Temperature.-i-175°C Ceramic DIP Package.0.83W 

Lead Temperature (Soldering 10s).+300°C Gate Count.1930 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specificatbn is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Input High Voltage.VCC-2.0V to VCC 

Operating Temperature Range.-65®C to +125®C Input Rise and Fall Time.40ns Max. 

Input Low Voltage.OV to -fO.ev 


TABLE 1. HM-6551/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER 



(NOTE 1) 
CONDITIONS 


Output Low Voltage 


Output High Voltage 


Input Leakage Current 


Output Leakage 
Current 


VOL VCC = 4.5V 
IOL = 1.6mA 


VOH VCC = 4.5V 
lOH = -0.4mA 


VCC = 5.5V, 

VI = GND or VCC 


lOZ VCC = 5.5 V, 

VO = GND or VCC 


Data Retention Supply ICCDR VCC = 2.0V, E = VCC 
Current 10 = 0mA, 

VI = VCC or GND 


ICCOP VCC = 5.5V, (Note 2) 
E = 1MHz, 10 =0mA 
VI = VCC or GND 


ICCSB VCC = 5.5V, 

10 = 0mA 

VI = VCC or GND 


Operating Supply 
Current 


Standby Supply 
Current 


GROUP A -,- 

SUBGROUPS TEMPERATURE MIN MAX UNITS 


-55°C<Ta^+125°C 



-55®C<Ta<+125°C 2. 


-55°C<Ta^+125°C -1.0 


-55®C<Ta^+125°C -1.0 +1.0 


-55°C ^ Ta ^ +125°C 


-55°C^Ta<+125°C 


-55°C<Ta^+125°C 



1. All voltages referenced to* device GND. 

2. Typical derating 1.5mA/MHz increase in ICCOP. 


CAUTION; These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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Specifications HM-6551/883 


TABLE 2. HM-655iy883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 









LIMITS 






(NOTES 1,2) 

CONDITIONS 

GROUPA 

SUB- 


HM-6551B/883 

HM-655iy883 


PARAMETER 

SYMBOL 

GROUPS 

TEMPERATURE 

MIN 

MAX 


MAX 

UNITS 

Chip Enable 

Access Time 

(1) 

TELQV 

VCC = 4.5and 
5.5V 

9,10,11 

-55°C^Ta^+125°C 

■ 

220 

■ 

300 

ns 

Address Access 
Time 

(2) 

TAVQV 

VCC = 4.5and 
5.5V, Note 3 

9,10,11 

-55°C^Ta<+125°C 

■ 

220 

- 

300 

ns 

Chip Select 1 

Output Enable 

Time 

(3) 

TS1LQX 

VCC = 4.5and 
5.5V 

9,10,11 

-55®C^Ta^+125®C 

5 

■ 

5 

■ 

ns 

Write Enable 

Output Disable 

Time 

(4) 

TWLQZ 

VCC = 4.5and 
5.5V 

9,10,11 

-55°C^Ta<+125°C 

■ 

130 

■ 

150 

ns 

Chip Select 1 

Output Disable 

Time 

(5) 

TS1HQZ 

VCC = 4.5and 
5.5V 

9, 10,11 

-55°C<Ta<+125°C 

■ 

130 

■ 

150 

ns 

Chip Enable Pulse 
Negative Width 

(6) 

TELEH 

VCC = 4.5and 
5.5V 

9, 10,11 

-55°C<Ta<+125°C 

220 


300 

■ 

ns 

Chip Enable Pulse 
Positive Width 

(7) 

TEHEL 

VCC = 4.5and 
5.5V 

9, 10, 11 

-55°C < Ta < +125°C 

100 


100 

■ 

ns 

Address Setup 

Time 

(8) 

TAVEL 

VCC = 4.5and 
5.5V 

9, 10, 11 

-55°C<Ta<+125°C 

0 


0 

■ 

ns 

Chip Select 2 

Setup Time 

(9) 

TS2LEL 

VCC = 4.5and 
5.5V 

9,10,11 

-55°C<Ta<+125°C 

0 


0 

■ 

ns 

Address Hold Time 

(10) 

TELAX 

VCC=:4.5and 

5.5V 

9, 10,11 

-55°C < Ta < +125°C 

40 


50 

■ 

ns 

Chip Select 2 Hold 
Time 

(11) 

TELS2X 

VCC = 4.5and 
5.5V 

9, 10, 11 

-55°C<Ta<+125°C 

40 


50 

■ 

ns 

Data Setup Time 

(12) 

TDVWH 

VCC = 4.5and 
5.5V 

9,10,11 

-55°C<Ta<+125°C 

100 


150 

- 

ns 

Data Hold Time 

(13) 

TWHDX 

VCC = 4.5and 
5.5V 

9,10,11 

-55°C<Ta<+125°C 

0 


0 

■ 

ns 

Chip Select 1 Write 
Pulse Setup Time 

(14) 

TWLS1H 

VCC = 4.5and 
5.5V 

9, 10,11 

-55°C<Ta<+125°C 

120 


180 

■ 

ns 

Chip Enable Write 
Pulse Setup Time 

(15) 

TWLEH 

VCC = 4.5and 
5.5V 

9, 10,11 

-55°C<Ta<+125°C 

120 


180 

- 

ns 

Chip Select 1 Write 
Pulse Hold Time 

(16) 

TS1LWH 

VCC = 4.5and 
5.5V 

9,10, 11 

-55°C<Ta<+125°C 

120 


180 

■ 

ns 

Chip Enable Write 
Pulse Hold Time 

(17) 

TELWH 

VCC = 4.5and 
5.5V 

9,10,11 

-55X<Ta<+125°C 

120 


180 

■ 

ns 

Write Enable Pulse 
Width 

(18) 

TWLWH 

VCC = 4.5 and 
5.5V 

9,10,11 

-55°C^Ta<+125®C 

120 

- 

180 

- 

ns 

Read or Write 

Cycle Time 

(19) 

TELEL 

VCC = 4.5and 
5.5V 

9,10,11 

-55°C<Ta<+125°C 

320 

■ 

400 

■ 

ns 


NOTES: 

1. All voltages referenced to device GND. 

2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
lOL = 1.6mA, lOH = -0.4mA, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

3. TAVQV = TELQV + TAVEL 


CAUTION; These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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Specifications HM-6551/883 


TABLE 3. HM-6551B/883 AND HM-6551/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Input Capacitance 


Output Capacitance 



VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


CO VCC = Open, f = 1 MHz, All 
Measurements Referenced 
to Device Ground 



1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 



CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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HM-6551/883 


Timing Waveforms 


READ CYCLE 



TRUTH TABLE 




H 

H 


X 


The HM-6551/883 Read Cycle is initiated by the falling edge 
of E. This signal latches the input address word and S2 into 
on chip registers providing the minimum setup and hold 
times are met. After the required hold time, these inputs may 
change state without affecting device operation. S2 acts as a 
high order address and simplifies ^coding. For the oj^put to 
be read, E, SI must be low and W must be high. S2 must 
have been latched low on the falling edge of E. The output 


Outputs Latched, Valid Data, 
S2 Unlatches 


Prepare for Next Cycle 
(Same as-1) 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


data will be valid at access time (TELQV). The HM-6551/883 
has output ^ta latches that are controlled by E. On the ris¬ 
ing edge of_E the present data is latched and remains in that 
state until E falls. Also on the rising ^e of E, S2 unlatches 
and controls the outputs along with SI. Either or both SI or 
S2 may be used to force the output buffers into a high 
impedance state. 
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HM-6551/883 


Timing Waveforms (continued) 

WRITE CYCLE rivl 



TRUTH TABLE 


TIME 

REFERENCE 




X 

H 

H 

"V- 

X 


In the Write Cycle the falling edge _of E latches the 
addresses and S2 into on chip registers. S2 must be latched 
in the low state to e£a^^ device. The write portion of the 
cycle is defined as E,_W, S1 being low and S2 being latched 
simultaneously. The W line may go low at any time during 
the cycle providing that the write pulse setup times (TWLEH 
and TWLS1H) are met. The write portioiT_oHhe cycle Is ter¬ 
minated on the first rising edge of either E, W, or S1. 

If_a series of consecutive write cycles are to be executed, the 
W line may be held low until all desired locations have been 
written. If this method is used, data setup and hold times 
must be referenced to the first rising edge of E or S1. By 

Test Load Circuit 



FUNCTION 


Memory Disabled 


Write Period Begins 


Data In is Written 


Write is Completed 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


£Ositioning the write pulse at different times within the E and 
SI low time (TELEH), various types of write cycles may be 
performed. If the S1 low time (TS1LS1H) Is greater than the 
W pulse plus an output enable time (TS1LQX), a combina¬ 
tion read-write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 

The HM-6551/883 may be used on a common I/O bus struc¬ 
ture by tying the input and output pinyogether. The multiplex¬ 
ing Is ^omplished Internally by the W line. In the write cycle, 
when W goes low, the output buffers are forced to a high 
Impedance state. One output disable time delay (TWLQZ) 
must be allowed before applying input data to the bus. 


3)ioh (T)«0L 


• TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


EQUIVALENT CIRCUIT 
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HM-6551/883 


Burn-In Circuit 


HM-6551/883 CERAMIC DIP 
vcc 



NOTES: 

All resistors 47kn ± 5% 

F0 = 100kHz ±10% 

FI = FO H- 2. F2 = FI + 2, F3 = F2 + 2 .. . FI 2 = F11 + 2 
VCC = 5.5V ± 0.5V 
VIH = 4.5V±10% 

VIL = -0.2V to +0.4V 
Cl =0.01^lF Min. 


Packaging 

22 PIN CERAMIC DIP 


1.055 



LEAD FINISH: Type A COMPLIAN 

MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are _, Dimensions are in inches. 

Max 


6-91 


1AX 



.015 


15* 


INCREASE MAX LIMIT BY 003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


OUTLINE: MIL-STD-1835, GDIP1-T22 









HM-6551/883 


Metallization Topology 

DIE DIMENSIONS: 

132x160x19±1mils 

METALLIZATION: 

Type: Si - Al 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 

Type: Si02 

Thickness: 8kA± IkA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

WORST CASE CURRENT DENSITY: 

1.337 X 10® A/cm^ 

LEAD TEMPERATURE (10 seconds soldering): 
^OO^C 


Metallization Mask Layout 

HM-6551/883 



NOTE: Pin Numbers Correspond to DIP Package Only. 















































































































SEMICONDUCTOR 


HM-6561 



Features 

• Low Power Standby. 

• Low Power Operation. 

• Fast Access Time. 

• Data Retention. 

• TTL Compatible Input/Output 

• High Output Drive - 1 TTL Load 

• On-Chip Address Registers 

• Common Data In/Out 

• Three-State Output 

• Easy Microprocessor interfacing 


Ordering Information 


.50pW Max. 

. 20mW/MHz Max. 

. 200ns Max. 

.@ 2.0V Min. 


Description 

The HM-6561 is a 256 x 4 static CMOS RAM fabricated using 
self-aligned silicon gate technology. Synchronous circuit design 
techniques are employed to achieve high performance and low 
power operation. 

On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. The 
data output buffers can be forced to a high impedance state for 
use in expanded memory arrays. The data inputs and outputs 
are multiplexed internally for common I/O bus compatibility. 

The HM-6561 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. Data retention supply 
voltage and supply current are guaranteed over temperature. 



PACKAGE 1 

1 TEMPERATURE RANGE I 

220ns 1 

1 300ns 


Plastic DIP 

-40°C to -k85°C 

HM3-6561B-9 

HM3-6561-9 

Ceramic DIP 

-40°C to +85°C 

HM1-6561B-9 

HM1-6561-9 

CO 

00 

go 

-55°C to +^25°C 

HM1-6561B/883 

HM1-6561/883 



Pinout 



18 LEAD DIP 



TOP VIEW 


A3 [T 

kJ 

?i] vcc 

A2 [7 


i3 A4 

A1 [3 


iU w 

AO |T 


iH sT 

AS [? 


DQ3 

A6 


iU DQ2 

A7 [7 


ill DQ1 

GND E 


0 

0 

0 

eE 


13 S2 


Respective /883 specifications are included at the end of this data sheet. 


Functionai Diagram 



s . 




LATCHED 


GATED 


32X32 

REGISTER 

A . 

DECODER 

32 

MATRIX 


^5 







II n 

5 ^ 


] LATCH 



— 





^ LATCH 







8 <8 / f 8 <8 


GATED COLUMN 
DECODER 
AND DATA I/O 



DESCRIPTION 


Address Input 


Chip Enable 


W Write Enable 


Chip Select 


DO Data In/Out 



ALL LINES POSITIVE LOGIC-ACTIVE HIGH 
THREE-STATE BUFFERS: 

A HIGHOUTPUT ACTIVE 

DATA LATCHES: 

LHIGH— Q = D 
Q LATCHES ON FALLING EDGE OF L 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


^ Ll LATCHED ADDRESS 
il REGISTER 


ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 
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Specifications HMS561 


Absolute Maximum Ratings Reliability Information 

Supply Voltage.+7.0V Thermal Resistance 0ja 9jc 

Input or Output Voltage.GND-0.3V to VCC+0.3V Ceramic DIP Package. 74°C/W 18°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125®C 

Junction Temperature.+175°C Ceramic DIP Package.0.68W 

Lead Temperature (Soldering 10s).+300°C Gate Count.1944 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

operating Voltage Range.+4.5V to +5.5V Operating Temperature Range 

HM-6561B-9, HM6561-9.-40°C to +85°C 


DC Eiectricai Specifications vcc = sv ± io%; t^ = -40°c to +85°c (hm-6561b-9, hm-6561-9) 


LIMITS 





SYMBOL PARAMETER 


ICCSB Standby Supply Current 


ICCOP Operating Supply Current (Note 1) 


Data Retention Supply Current 


VCC DR Data Retention Supply Voltage 


Input Leakage Current 


Input/Output Leakage Current 


Input Low Voltage 


Input High Voltage 


Output Low Voltage 


Output High Voltage 


Capacitance Ta = +25°c 



VCC-2.0 VCC+0.3 


0.4 



SYMBOL 

PARAMETER 

MAX 

UNITS 

Cl 

input Capacitance (Note 2) 

6 

PF 

CIO 

Input/Output Capacitance (Note 2) 

10 

PF 


TEST CONDITIONS 


10 = 0mA. VI = VCC or GND. 
VCC = 5.5V 


E = 1 MHz, 10 = Om^, VCC ^ 5.5V, 
VI = VCC or GND, W = GND. 


VCC = 2.0V, 10 = 0mA, VI = VCC or 
GND, E = VCC 


VI = VCC or GND, VCC = 5.5V 


VIO = VCC or GND, VCC = 5.5V 


VCC = 4.5V 


VCC = 5.5V 


10= 1.6mA, VCC = 4.5V 


10 = -0.4mA, VCC = 5.5V 


TEST CONDITIONS 


f = 1 MHz, All measurements are 
referenced to device GND 




NOTES; 

1. Typical derating 1.5mA/MHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM’6561 


AC Electrical Specifications VCC = 5 V±10%;TA = -40°Cto+85°C(HM-6561B-9,HM-6561-9) 


LIMITS 


Chip Enable Access Time 


Address Access Time 


Chip Select Output Enable Time 


Chip Select Output Disable Time 


Chip Enable Pulse Negative Width 


Chip Enable Pulse Positive Width 


Address Setup Time 


Address Hold Time 


Data Setup Time 


Data Hold Time 


(11) TWLDV Write Data Delay Time 


Chip Select Write Pulse Setup Time 


Chip Enable Write Pulse Setup Time 


Chip Select Write Pulse Hold Time 


Chip Enable Write Pulse Hold Time 


Write Enable Pulse Width 


Read or Write Cycle Time 




TEST 

UNITS 

CONDITIONS 


HM-6561B-9 

SYMBOL PARAMETER MIN 


(1) TELQV 


(2) TAVQV 


(3) TSLQX 


(4) TSHQZ 


(5) TELEH 


(6) TEHEL 


(7) TAVEL 


(8) TELAX 


(9) TDVWH 


(10) TWHDX 


(12) TWLSH 


(13) TWLEH 


(14) TSLWH 


(15) TELWH 


(16) TWLWH 


(17) TELEL 


NOTES: 

1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 

4. TAVQV » TELQV + TAVEL. 


(Notes 1,3, 4) 


(Notes 2, 3) 


(Notes 2, 3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 



(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 
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HM-6561 



FUNCTION 


Memory Disabled 


Cycle Begins, Addresses are Latched 


Output Enabled 


Output Valid 


Output Latched 

Device Disabled, Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


NOTE: 1. Device selected only if both 5T and are low, and deselected if either ST or are high 






X 

H 


L 

H 


L 

H 


L 

H 


H 

X 

_i 




The HM-6561 Read Cycle is initiated on the falling edge of 
E. This signal latches the input address word into on chip 
registers. Minimum address setup and hold times must be 
met. After the required hold time, the address lines may 
change state without affecting device operation. In order to 
read the output data E, ST and S5 must be low and W 
must be high. The output data will be valid at access time 
(TELQV). 


The HM-6561 has output data latches that are controlled 
by E. On the rising edge of E the present data is latched 
and remains latched until E falls. Either or both ST or S2 
may be used to force the output buffers Into a high imped¬ 
ance state. 


6-96 


































HM-6561 


Timing Waveforms (Continued) 


WRITE CYCLE 



TRUTH TABLE 


TIME 

REFERENCE 



Memory Disabled 


Cycle Begins, Addresses are Latched 


Write Period Begins 


Data In is Written 


Write is Completed 


Prepare for Next Cycle (Same as -1) 

Cycle Ends, Next Cycle Begins (Same as 0) 


NOTE: 1. Device selected only If both S1 and S2 are low, and deselected If either S1 or S2 are high 


The write cycle begins with the E falling edge latching the 
^dress^he write portion of the cycle is defined by E, S1, 
S2 and W all being low simultaneously. The write portion of 
the cycl^ terminated by the first rising edge of any control 
line, E, S1, S2 or W. The data setup and data hold times 
(TDVWH and TWHDX) mi^ be referenced to the terminat¬ 
ing signal. For example, if S2 rises first, data setup and hold 
times become TDVS2H and TS2HDX; and are numerically 
equal to TDVWH and TWHDX. 

Data input/output multiplexing is controlled by W. Care must 
be taken to avoid data bus conflicts, where the RAM outputs 
become enabled when another device is driving the data 
inputs. The following two examples illustrate the timing 
required to avoid bus conflicts. 

Case 1: Both S1 and^ Fall Before W Falls. 

If both selects fajl_ before W falls, the RAM outputs will 
become enabled. W is used to disable the outputs, so a dis¬ 
able time (TWLQZ = TWLDV) must pass before any other 
device can begin to drive the data inputs. This method of 
operation requires a wider write pulse, because TWLDV + 
TDVWH is greater than TWLWH. In this case TWLSL + 
TSHWH are meaningless and can be ignored. 

Case 2: W Falls Before Both W\ and S2 Fall. 


If one or both selects are high until W falls, the outputs are 
guaranteed not to enable at the beginning of the cycle. This 
eliminates the concern for data bus conflicts and simplifies 
data input timing. Data input may be apf^d as early as 
convenient, and TWLDV is ignored. Since W is not used to 
disable the outputs it can be shorter than In Case 1; TWLWH 
i£the minimum write pulse. At the end of the write period, if 
W rises before either select the outputs will enable, reading 
data just written. They will not disable until either select goes 
high (TSHQZ). 



IF 

OBSERVE 

IGNORE 

CASE1 

Both ^ and ^ = Low 

TWLQZ 

TWLWH 


Before W = Low 

TWLDV 

TDVWH 


CASE 2 

W = Low Before Both 

TWLWH 

TWLQZ 


S1 and S2 = Low 

TDVWH 

TWLDV 


If_a series of consecutive write cycles are to be performed, 
W may remain low until all desired locations are written. This 
is an extension of Case 2. 

Read-Modify-Write cycles and Read-WrIte-Read cycles can 
be performed (extension of Case 1). In^fact data may be 
modified as many times as desired with E remaining low. 
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SEMICONDUCTOR 


HM-6561/883 


February 1992 


Features 

• This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fuily Conformant Under the Provisions of 
Paragraph 1.2.1. 

• Low Power Standby.SOjiW Max. 

• Low Power Operation.20mW/MH2Max. 

• Fast Access Time. 200ns Max. 

• Data Retention. ® 2.0V Min. 

• TTL Compatibie input/Output 

• High Output Drive -1 TTL Load 

• On-Chip Address Registers 

• Common Data In/Out 

• Three-State Output 

• Easy Microprocessor Interfacing 


256 X 4 CMOS RAM 


Description 

The HM-6561/883 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high per¬ 
formance and low power operation. 

On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. The data inputs 
and outputs are multiplexed internally for common I/O bus 
compatibility. 

The HM-6561/883 is a fully static RAM and may be 
maintained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 


Pinout 

HM1-6561/883 (CERAMIC DIP) 



Functional Diagram 



A X 




LATCHED 

^5 

GATED 


32x32 

REGISTER 


DECODER 

'32 

MATRIX 


^5 







GATED COLUMN 
DECODER 
AND DATA I/O 


DESCRIPTION 


Address Input 


E Chip Enable 


W Write Enable 


S Chip Select 


DQ Data In/Out 


H LATCHED ADDRESS 
I REGISTER 


ALL LINES POSITIVE LOGIC-ACTIVE HIGH 
THREE-STATE BUFFERS: 

A HIGHOUTPUT ACTIVE 

DATA LATCHES: 

LHIGH— Q = D 
Q LATCHES ON FALLING EDGE OF L 

ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C Handling Procedures. 
Copyright © Harris Corporation 1992 R.Qft 
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Specifications HM-6561/883 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage. 

Input or Output Voltage. 

Storage Temperature Range- 

Junction Temperature. 

Lead Temperature (Soldering 10s) 
ESD Classification. 


.+7.0V 

GND-0.3V t6 VCC+0.3V 

.-65°C to +150°C 

. +175°C 

. +300°C 

.Class 1 


Thermal Resistance 0ja 

Ceramic DIP Package. 74°C/W 


Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package. 

Gate Count. 


0|C 

18°C/W 

....0.68W 
1944 Gates 


CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Input High Voltage.VCC - 2.0V to VCC 

Operating Temperature Range.-55°C to +125®C Input Rise and Fall Time.40ns Max 

Input Low Voltage.OV to -fO.OV 


TABLE 1. HM-6561/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER 

SYMBOL 

(NOTE 1) 

CONDITIONS 

GROUPA 
SUBGROUPS 

TEMPERATURE 

LIMITS 

UNITS 

MIN 

MAX 

Output Low Voltage 

VOL 

VCC = 4.5V, 

IOL = 1.6mA 

1,2,3 

-55°C<Ta<+125®C 

■ 

0.4 

V 

Output High Voltage 

VOH 

VCC = 4.5V, 
lOH = -0.4mA 

1.2, 3 

-55°C<Ta<+125°C 

2.4 

- 

V 

Input Leakage Current 

II 

VCC = 5.5V, 

VI = GND or VCC 

1,2,3 

-55®C<Ta<+125°C 

-1.0 

-I-1.0 

pA 

Input/Output Leakage Current 

lIOZ 

VCC = 5.5V, 

VIO = GND or 

VCC 

1.2,3 

-55°C<Ta<+125°C 

-1.0 

-hl.o 

pA 

Data Retention Supply Current 

ICCDR 

VCC = 2.0V, 

E = VCC, 

10 = 0mA, 

1,2,3 

-55®C<Ta<+125°C 

■ 

10 

pA 

Operating Supply Current 

ICCOP 

VCC = 5.5V, 

(Note 2), 

E = 1MHz, 

W = GND, 

VI = VCC or GND 

1.2,3 

-55°C<Ta<+125°C 

1 

1 

mA 

Standby Supply Current 

ICCSB 

VCC = 5.5V, 

10 = 0mA, 

VI = VCC or GND 

1,2,3 

-55°C<Ta<+125°C 

■ 

10 

pA 


NOTES: 


1. All voltages referenced to device GND. 

2. Typical derating 1.5mA/MHz increase in ICCOP. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HM-6561/883 


TABLE 2. HM-6561/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER 

SYMBOL 

(NOTES 1,2) 
CONDITIONS 

GROUP A 
SUB¬ 
GROUPS 

TEMPERATURE 

LIMITS 

UNITS 

HM-6561B/883 

HM-6561/883 

MIN 

MAX 

MIN 

MAX 

Chip Enable 

Access Time 

(1) TELQV 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta < +125°C 

■ 

220 

- 

300 

ns 

Address Access 
Time 

(2) TAVQV 

VCC = 4.5 and 
5.5V, (Note 3) 

9, 10, 11 

-55°C ^ Ta ^ +125°C 

■ 

220 

- 

300 

ns 

Chip Select 

Output Enable 

Time 

(3) TSLQX 

VCC =: 4.5 and 
5.5V 

9, 10,11 

-55°C ^ Ta ^ +125®C 

5 

■ 

5 

■ 

ns 

Chip Select 

Output Disable 

Time 

(4) TSHQZ 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta ^ +125°C 

■ 

120 

■ 

150 

ns 

Chip Enable Pulse 
Negative Width 

(5) TELEH 

VCC = 4.5 and 
5.5V 

9. 10. 11 

-55°C ^ Ta ^ +125®C 

220 

- 

300 

- 

ns 

Chip Enable Pulse 
Positive Width 

(6) TEHEL 

VCC = 4.5 and 
5.5V 

9, 10, 11 

- 55 OC ^ Ta ^ +125°C 

100 

‘ 

100 


ns 

Address Setup 

Time 

(7) TAVEL 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta < +125°C 

0 

- 

0 

- 

ns 

Address Hold Time 

(8) TELAX 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta < +125®C 

40 

■ 

50 

- 

ns 

Data Setup Time 

(9) TDVWH 

VCC = 4.5 and 
5.5V 

9,10,11 

-55°C ^ Ta < +125°C 

100 

- 

150 

- 

ns 

Data Hold Time 

(10) TWHDX 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta < +125°C 

0 


0 

- 

ns 

Write Data Delay 
Time 

(11) TWLDV 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C<Ta<+125°C 

20 


30 

- 


Chip Select Write 
Pulse Setup Time 

(12) TWLSH 

VCC = 4.5 and 
5.5V 

9,10,11 

-55°C < Ta < +125°C 

120 


180 

“ 

ns 

Chip Enable Write 
Pulse Setup Time 

(13) TWLEH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta ^ +125°C 

120 


180 

- 

ns 

Chip Select Write 
Pulse Hold Time 

(14) TSLWH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta ^ +125°C 

120 


180 

- 

ns 

Chip Enable Write 
Pulse Hold Time 

(15) TELWH 

VCC = 4.5 and 
5.5V 

9,10,11 

-55°C ^ Ta ^ +125°C 

120 


180 

- 

ns 

Write Enable Pulse 
Width 

(16) TWLWH 

VCC = 4.5 and 
5.5V 

9. 10, 11 

-55°C < Ta < +125°C 

120 


180 

- 

ns 

Read or Write 

Cycle Time 

(17) TELEL 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta ^ +125°C 

320 


400 

- 

ns 


NOTES: 

1. All voltages referenced to device GND. 

2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
lOL = 1.6mA, lOH = -0.4mA, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

3. TAVQV = TELQV + TAVEL. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
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Specifications HM-6561/883 


TABLE 3. HM>6561/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 

NOTE TEMPERATURE MIN MAX UNITS 




SYMBOL 

PARAMETER 

CONDITIONS 

Cl 

Input Capacitance 

VCC = Open,f = 1MHz, 

All Measurements 

Referenced to Device 

Ground 

CO 

Output Capacitance 

VCC = Open,f = 1MHz, 

All Measurements 

Referenced to Device 

Ground 



1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 



CONFORMANCE GROUPS 

METHOD 

Initial Test 

100%/5004 

Interim Test 

100%/5004 

PDA 

100%/5004 

Final Test 

100%/5004 

Group A 

Samples/5005 

Groups C & D 

Samples/5005 


Test Load Circuit 


‘ TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


SUBGROUPS 



2, 3, 8A, 8B, 10, 11 


1,2, 3, 7, 8A, 8B, 9,10,11 


1,7,9 





CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HM-6561/883 


Timing Waveforms 

READ CYCLE 


(7)tavel-*J U telax t 


-TELQV-•-♦{1) 

-TAVQV-H 


1 PREVIOUS OATAJ 

HIGH Z 

VALID DATA LATCHED > 

- 

1 TSHOZ 

^.(4) 


U-TSLQX (4)-^ 

~ (3) 

TSHQZ 

(_^ 


^ _ 

_^ 



TIME 

REFERENCE 



TRUTH TABLE 


OUTPUT 


DQ 


Z 


Z 



FUNCTION 


Memory Disabled 


Cycle Begins, Addresses are Latched 


Output Enabled 


Output Valid 


Output Latched 


Device Disabled, Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


NOTE: 1. Device selected only if both ^ and are low, and deselected if either ST or are high 

The HM-6561/883 Read Cycle is initiated on the falling The HM-6561/883 has output data latches that are con- 
edge of E. This signal latches the input address word into troiled by E. On the rising edge of E the present data is 
on chip registers. Minimum address setup and hold times iatched and remains latched until E falls. Either or both ST 
must be met. After the required hold time, the address or S5 may be used to force the output buffers into a high 
lines may change state without affecting device operation, impedance state. 

In order to read the output data E, ST and S5 must be low 
and W must be high. The output data will be valid at 
access time (TELQV). 
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HM-6561/883 


Timing Waveforms (Continued) 


WRITE CYCLE 


(7)TAVEL-i^ 

^ TELAX [«•- (8) 

KX><XXXX>Or 

V.L,. >b<xxxxxxx> 0 <x> 0 <xx? 

-TEHEL-^ 

•m -TELEL- 

^-TELEH-► 

y (6) ^ 




(15) 

m -1-TE LWH -H 


TRUTH TABLE 


TIME 

REFERENCE 



Memory Disabled 


Cycle Begins, Addresses are Latched 


Write Period Begins 


Data In is Written 


Write IS Completed 

Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either SI or S2 are high 



The write cycle begins with the E falling edge latchinp the 
address. The write portion of the cycle is defined by E, S1, 
S2 and W all being low simultaneously. The write portion of 
the c^l^ terminated by the first rising edge of any control 
line, E, SI, S2 or W. The data setup and data hold times 
(TDVWH and TWHDX) mi^ be referenced to the terminat¬ 
ing signal. For example, if S2 rises first, data setup and hold 
times become TDVS2H and TS2HDX; and are numerically 
equal to TDVWH and TWHDX. 

Data input/output multiplexing is controlled by W. Care must 
be taken to avoid data bus conflicts, where the RAM outputs 
become enabled when another device is driving the data 
inputs. The following two examples illustrate the timing 
required to avoid bus conflicts. 

Case 1: Both ^ and S2 Fall Before W Falls. 

If both selects fajl_ before W falls, the RAM outputs will 
become enabled. W is used to disable the outputs, so a dis¬ 
able time (TWLQZ = TWLDV) must pass before any other 
device can begin to drive the data inputs. This method of 
operation requires a wider write pulse, because TWLDV + 
TDVWH is greater than TWLWH. In this case TWLSL + 
TSHWH are meaningless and can be ignored. 

Case 2: W Falls Before Both sT and S2 Fall. 


If one or both selects are high until W falls, the outputs are 
guaranteed not to enable at the beginning of the cycle. This 
eliminates the concern for data bus conflicts and simplifies 
data input timing. Data input may be applied as early as 
convenient, and TWLDV is ignored. Since W is not used to 
disable the outputs it can be shorter than in Case 1; TWLWH 
i^the minimum write pulse. At the end of the write period, if 
W rises before either select the outputs will enable reading 
data just written. They will not disable until either select goes 
high (TSHQZ). 



IF 

OBSERVE 

IGNORE 

CASE1 

Both S^nd ^ = Low 

TWLQZ 

TWLWH 


Before W = Low 

TWLDV 

TDVWH 


CASE 2 

W = Low Before Both 

TWLWH 

TWLQZ 


S1 and S2 = Low 

TDVWH 

TWLDV 


I^a series of consecutive write cycles are to be performed, 
W may remain low until all desired locations are written. This 
Is an extension of Case 2. 

Read-Modify-Write cycles and Read-Write-Read cycles can 
be performed (extension of Case 1). In_fact data may be 
modified as many times as desired with E remaining low. 
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HM-6561/883 


Burn-In Circuit 


HM-6S61/883 CERAMIC DIP 



NOTES: 

All resistors 47kQ ±5% 

F0 = 100kHz ±10% 

FI = FO + 2, F2 = FI + 2, F3 = F2 + 2 ... F12 = F11 + 2 
VCC = 5.5V ±0.5V 
VIH = 4.5V±10% 

VIL = -0.2V to +0.4V 
Cl =0.01nF Min. 


Packaging 


18 PIN CERAMIC DIP 




15* 


• INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
- SOLDER FINISH 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 

MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are , Dimensions are in inches. 
Max 
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HM-6561/883 


Metallization Topology 

DIE DIMENSIONS: 

132x160x19±1mils 

METALLIZATION: 

Type; Si-Al 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 

Type; SiOj 

Thickness: 8kA± 1kA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

WORST CASE CURRENT DENSITY: 

1.337 X 10^ A/cm2 

LEAD TEMPERATURE (10 seconds soldering): 
^300°C 


Metallization Mask Layout 

HM-6561/883 
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SEMICONDUCTOR 


HM-6504 


February 1992 


4096 X 1 CMOS RAM 


Features 

• Low Power Standby.125^W Max. 

• Low Power Operation.35mW/MHzMax. 

• Data Retention.@2.0V Min. 

• TTL Compatible Input/Output 

• Three-State Output 

• Standard JEDEC Pinout 

• Fast Access Time.120/200ns Max. 

• 18 Pin Package for High Density 

• On-Chip Address Register 

• Gated Inputs - No Pull Up or Pull Down Resistors 
Required 


Description 

The HM-6504 is a 4096 x 1 static CMOS RAM fabricated 
using self-aligned silicon gate technology. The device utilizes 
synchronous circuitry to achieve high performance and low 
power operation. 

On chip latches are provided for addresses, data input and 
data output allowing efficient interfacing with microprocessor 
systems. The data output can be forced to a high impedance 
state for use in expanded memory arrays. 

Gated Inputs allow lower operating current and also elimi¬ 
nate the need for pull up or pull down resistors. The 
HM-6504 is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 

Data retention supply voltage and supply current are guaran¬ 
teed over temperature. 


Ordering information 


PACKAGE 

TEMPERATURE RANGE 

Plastic DIP 

-40°C to +85°C 

Ceramic DIP 

-40°C to +85°C 

‘/883 

-55°C to +125°C 

JAN# 


8MD# 


LCC 

-40°C to +85°C 


-55°C to +125°C 


120 ns 


HM3-6504S-9 


HM1 *65048-9 


HM1-65048/883 


24501BVA 


810240IVA 


200 ns 


HM3-6504B-9 


HM1-6504B-9 


HM1-6504B/883 


300ns 


HM3-6504-9 


HM1-6504-9 


HM1-6504/883 


8102403VA 

8102405VA 

HM4-6504B-9 

HM4-6504-9 

HM4-6504B-8 

HM4-6504-8 


^Respective /883 specifications are included at the end of this data sheet. 


Pinouts 


18 LEAD DIP 

TOP VIEW 



DESCRIPTION 

Address Input 
Chip Enable 
Write Enable 
Data Input 
Data Output 


18 LEAD LCC 
TOP VIEW 


L2J 1 llBJLUJ 


1.1.3 A10 
[l2 All 


! 8 { {9 ! {10! {11! 

O |UJ O 

z 

o 


CAUTION: Those devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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HM-6504 


Functional Diagram 



ALL LINES ACTIVE HIGH-POSITIVE LOGIC 


A HIGH OUTPUT ACTIVE 
CONTROL AND DATA LATCHES: 

L LOW -y Q = D 

Q LATCHES ON RISING EDGE OF L 
ADDRESS LATCHES: 

LATCH ON FALLING EDGE OF E 
GATED DECODERS: 

GATE ON RISING EDGE OF G 


LSB A11 AS A4 A3 A9 A10 



6-107 


CMOS MEMORY 













Specifications HM-6504~9 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+7.0V Thermal Resistance. Oja 0jc 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Ceramic Dl P Package. 66°C/W 12°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175°C Ceramic DIP Package.0.75W 

Lead Temperature (Soldering 10s).+300°C Gate Count.6910 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Operating Temperature Range 

HM-6504S-9, HM-6504B-9, HM-6504-9 .-40°C to +85®C 

HM-6504B-8, HM-6504-8 .-55°C to +125°C 


DC Electrical Specifications vcc = 5V ± io%; Ta = - 40 °c to + 85 °c (hm-6504B-9, hm-6504-9) 

Ta = -55°C to +125°C {HM-6504B-8, HM-6504-8) 


SYMBOL 





PARAMETER 


Standby Supply Current HM-6504-9 


Operating Supply 
Current (Note 1) 


Data Retention Supply 
Current 


HM-6504-9 


HM-6504-8 


Data Retention Supply Voltage 



TEST CONDITIONS 


10 = 0mA, E = VCC -0.3V, 
VCC = 5.5V 


E = 1MHz, 10 = 0mA, VI = GND, 
VCC = 5.5V 


10 = 0mA, VCC = 2.0V, E = VCC 


II 

Input Leakage Current 

-1.0 

+1.0 

pA 

VI = VCC or GND, VCC = 5.5V 

lOZ 

Output Leakage Current 

-1.0 

+1.0 

pA 

VO = VCC or GND, VCC = 5.5V 

VIL 

Input Low Voltage 

-0.3 

0.8 

V 

VCC = 4.5V 

VIH 

Input High Voltage 

VCC-2.0 

VCC+0.3 

V 

VCC = 5.5V 




Output Low Voltage 


Output High Voltage 


Output High Voltage (Note 2) 


Capacitance Ta = + 25 °c 


PARAMETER 


Input Capacitance (Note 2) 


Output Capacitance (Note 2) 


SYMBOL 


Cl 


CO 


NOTES: 

1. Typical derating 5mA/MHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 




10 = 2.0mA, VCC = 4.5V 


10 =-1.0mA, VCC = 4.5V 


IO = -100pA, VCC = 4.5V 


TEST CONDITIONS 


f = 1MHz, All measurements are 
referenced to device GND 
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Specifications HM-6504 


AC Electrical Specifications vcc = 5V ± io%; = - 40 °c to + 85 °c (hm-6504S-9, hm-6504B-9, hm-6504-9) 

Ta = -55°C to +125°C (HM-6504B-8, HM-6504-8) 



NOTES: 

1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time Is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 

4. TAVQV = TELQV + TAVEL. 
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HM-6504 


Timing Waveforms 

READ CYCLE 


, |7| , 18) 

J TAVEtk-^TELAX* 


TRUTH TABLE 


OUTPUT 



The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


EARLY WRITE CYCLE 


(7) - . tavel[^teiax«>| (8) 


FUNCTION 


Memory Disabled 


Cycle Begins, Addresses are Latched 


Output Enabled 


Output Valid 


Read Accomplished 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


enabled but the data is not valid until during time (T = 2). W 
must remain high for the read cycle. After the output data 
has been read, E may return high (T = 3). This will disable 
the output buffer and all Input and ready the RAM for the 
next memory cycle (T = 4). 


_ (7) - . -j TAVEl I*— 



-TEHEt ^(6) 


1 TWLELHi-TELWH-» 

111) 1 113) 


(15) -ItOVElI— TELDX— 1(17) 


(15)—► tovel}— 


TRUTH TABLE 


OUTPUT 



TIME REFERENCE 



z 

Memory Disabled 

z 

Cycle Begins, Addresses are Latched 

z 

Write in Progress Internally 

z 

Write Completed 

z 

Prepare for Next Cycle (Same as -1) 

z 

Cycle Ends, Next Cycle Begins (Same as 0) 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E 
(T =0), the addresses, the write signal, and the d^a input 
are Inched in on chip registers. The logic value of W at the 
time E falls d^rmlnes the state of the output buffer for that 
cycle. Since W is low when E falls, the output buffer is 
latched Into the high Impedance state and will remain In that 


state until E return^high (T = 2). For this cycle, the data 
input is latched by E going low; therefore data set up and 
hold times should be referenced to E. When E (T = 2) 
returns to the high state the output buffer and all inputs are 
disabled and all signals are unlatched. The device is now 
ready for the next cycle. 
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HMSSOa 


Timing Waveforms (Continued) 

LATE WRITE CYCLE 


1AVIL H*- 

(8| 

(7) 

1 AOO VALID ^ 





TRUTH TABLE 


OUTPUTS 



The iate write cycle is a cross between the early write cycle 
and the read-modify-write cycle. 

Recall that In the early write the output is guaranteed to 
remain high impedance, and In the read-modIfy-write the 
output Is guaranteed valid at access time. The late write Is 


Test Load Circuit 


FUNCTION 


Memory Disabled 


Cycle Begins, Addresses are Latched 


Write Begins, Data is Latched 


Write In Progress Internally 


Write Completed 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


between these two cases. With this cycle the output may 
become active, and may become valid data, or may remain 
active but undefined. Valid data is written Into the RAM if 
data setup, data hold, write setup and write pulse widths are 
observed. 



‘ TEST HEAD 
CAPACITANCE. 
INCLUDES STRAY 
AND JIG CAPACITANCE 
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SEMICONDUCTOR 


HM-6504/883 


February 1992 


Features 

• This Circuit is Processed in Accordance to Mii-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• Low Power Standby.125^W Max. 

• Low Power Operation.35mW/MHzMax. 

• Data Retention.@2.0V Min. 

• TTL Compatible Input/Output 

• Three-State Output 

• Standard JEDEC Pinout 

• Fast Access Time.120/200ns Max. 

• 18 Pin Package for High Density 

• On-Chip Address Register 

• Gated Inputs - No Pull Up or Pull Down Resistors 
Required 


4096 X 1 CMOS RAM 


Description 

The HM-6504/883 is a 4096 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. The 
device utilizes synchronous circuitry to achieve high perfor¬ 
mance and low power operation. 

On chip latches are provided for addresses, data input and 
data output allowing efficient interfacing with microprocessor 
systems. The data output can be forced to a high impedance 
state for use in expanded memory arrays. 

Gated inputs allow lower operating current and also elimi¬ 
nate the need for pull up or pull down resistors. The 
HM-6504/883 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. 

Data retention supply voltage and supply current are guaran¬ 
teed over temperature. 


Pinout 

HM1-6504/883 (CERAMIC DIP) 
TOP VIEW 


Functional Diagram 



PIN 

DESCRIPTION 

A 

Address Input 

E 

Chip Enable 

W 

Write Enable 

D 

Data Input 

Q 

Data Output 




LATCHED 


REGISTER 


GATED 

ROW 

DECODER 





GATED COLUMN 
DECODER AND 
DATA I/O 




ALL LINES ACTIVE HIGH-POSITIVE LOGIC 
THREE-STATE BUFFERS: 

A HIGH OUTPUT ACTIVE 
CONTROL AND DATA LATCHES: 

L LOW->QsD 

Q LATCHES ON RISING EDGE OF L 
ADDRESS LATCHES: 

LATCH ON FALUNG EDGE OF E 
GATED DECODERS: 

GATE ON RISING EDGE OF G 


LSBA11 A5A4A3A9A10 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 e i i o 
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Specifications HM-6504/883 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+7.0V Thermal Resistance. 0ja 0jc 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Ceramic DIP Package. 66°C/W 12°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175®C Ceramic DIP Package.0.75W 

Lead Temperature (Soldering 10s).+300°C Gate Count.6910 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed In ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied 


Operating Conditions 

Operating Voltage Range. 

Operating Temperature Range. 


. -i^.SV to +5.5V Input Low Voltage.-0.3V to +0.8V 

-55®C to +125®C Input High Voltage.VCC -2.0V to VCC +0.3V 


TABLE 1. HM-6504/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 



LIMITS 

(NOTE 1) GROUP A -1- 

SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS 


Output Low Voltage 


Output High Voltage 


Input Leakage Current 


Output Leakage Current 


VOL VCC = 4.5V, 
lOL = 2mA 


VOH VCC = 4.5V, 
IOH =-1.0mA 


VCC = 5.5V, 

VI = GND or VCC 


lOZ VCC = 5.5V, 

VO = GND or VCC 


Data Retention Supply Current ICCDR VCC = 2.0V, 

E = VCC, 

10 = 0mA, 


Operating Supply Current 


Standby Supply Current 


ICCOP VCC = 5.5V, 
^ote 2), 

E = 1MHz, 
10 = 0mA 


ICCSB VCC = 5.0V, 

E = VCC -0.3V, 
10 = 0mA 


1,2,3 -55°C<Ta<+125°C 


-55°C<Ta<+125°C 2. 




1,2,3 -55°C<Ta<+ 125°C -1.0 +1.0 pA 


-55°C<Ta<+ 125°C -1.0 +1.0 pA 


-55°C<Ta<+125°C 




-55°C<Ta<+125°C 


1,2,3 -55°C<Ta<+125°C 




1. All voltage referenced to device GND. 

2. Typical derating 1.5mA/MHz increase in ICCOP 


CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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Specifications HM-6504/883 


TABLE 2. HM-6504n83A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 



GROUP 

(NOTES 1.2) A SUB- TEMPERA- 
CONDITIONS GROUPS TURE 


(1) TELQV VCC = 4.5and 9,10,11 -55 ®C<Ta 

5.5V ^+125°C 


Address Access (2) TAVQV VCC = 4.5and 9.10.11 -55 °C^Ta 


LIMITS 


HM-6504S/883 I HM-6504B/883 I HM-6504y883 


Chip Enable 
Access Time 



(6) TEHEL VCC = 4.5and 9,10,11 -55 °C^Ta I 50 

5.5V 5+125°C I 


(7) TAVEL VCC = 4.5and 9,10,11 -55 °C^Ta 

5.5V <+1250C 


(8) TELAX VCC = 4.5 and 9, 10,11 -55°C ^ Ta 

5.5 V <+125°C 


(9) TWLWH VCC = 4.5 and 9.10.11 -55 °C<Ta 

5.5V ^+125°C 


(10) TWLEH VCC = 4.5 and 9,10,11 -55 °C^Ta I 70 

5.5V <+125°C I 


Chip Enable 
Pulse Negative 
Width 


Chip Enable 
Pulse Positive 
Width 


Address Setup 
Time 


Address Hold 
Time 


Write Enable 
Pulse Width 


Write Enable 
Pulse Setup 
Time 


Eariy Write Pulse (11) TWLEL VCC = 4.5 and 9,10,11 -55°C<Ta 

Setup Time 5.5V <+125°C 


Eariy Write Pulse (13) TELWH VCC = 4.5 and 9,10,11 -55°C<Ta 40 

Hold Time 5.5V ^+125°C 


Data Setup Time (14) TDVWL VCC = 4.5 and 9,10,11 -55 °C^Ta 

5.5V <+125°C 


Eariy Write Data (15) TDVEL VCC = 4.5 and 9.10,11 -55°C < Ta 
S etup Time 5.5V <+125°C 


^+1250C 


-55°C < Ta 
^+125°C 


-55OC ^ Ta 
^+125°C 


MIN 

MAX 

MIN 

MAX 

MIN 

- 

120 

* 

200 

• 

- 

120 

- 

220 

- 

120 


200 


300 



Read or Write 
Cycle Time 


NOTES; 

1 . All voltages referenced to device GND. 

2. Input pulse levels: 0 8V to VCC-2.0V: Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V: Output load- 
1TTL gate equivalent, CL = 50pF (min) - for CL greater than 5C^F, access time is derated by 0.15ns per pF. 

3. TAVQV = TELQV + TAVEL. 



25 

■ 

60 

• 

80 

25 

- 

60 

- 

80 

170 

. 

290 

- 

420 


CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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Specifications HMS504/883 


TABLE 3. HM-6504/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 

SYMBOL 

CONDITIONS 

NOTE 

TEMPERATURE 

HM-6504S/883 

UNITS 

LIMITS 

MIN 

MAX 

Input Capacitance 

Cl 

VCC = Open,f = 1MHz, All 
Measurements Referenced 
to Device Ground 

■ 

Ta = +25°C 


8 

PF 

Output Capaci¬ 
tance 

CO 

VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 

■ 



10 

PF 

Chip Enable Output 
Disable T ime 

(3) TELQX 

VCC = 4.5 and 5.5V 


-55°C^Ta<+125°C 

5 

- 


Chip Enable Output 
Disable Time 

(4) TEHQZ 

VCC =: 4.5 and 5.5V 
HM-6504S/883 

■ 

-55°C^Ta<+125°C 

- 

50 

ns 

VCC = 4.5 and 5.5V 
HM-6504B/883 

■ 

-55°C^Ta<+125°C 

- 

80 

ns 

VCC = 4.5 and 5.5V 
HM-6504/883 

■ 

-55°C<Ta<+125°C 

- 

100 

ns 

Write Enable Read 
Mode Setup Time 

(12) TWHEL 

VCC = 4.5 and 5.5V 

■ 

-55°C^Ta<+125°C 

0 

- 

ns 

High Level Output 
Voltage 

VOHL 

VCC = 4.5V, IO = -100pA 

■ 

-55°C < Ta < 
+125°C 

VCC -0.4 

- 

V 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 



TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS 

METHOD 

SUBGROUPS 

Initial Test 

100%/5004 

- 

Interim Test 

100%/5004 

1,7,9 

PDA 

100%/5004 

1 

Final Test 

100%/5004 

2, 3, 8A, 8B, 10, 11 

Group A 

Samples/5005 

1,2, 3, 7, 8A, 8B, 9, 10,11 

Groups C & D 

Samples/5005 

1,7,9 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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HM-6504/883 


Timing Waveforms 


READ CYCLE 


, (7| , I8| 

\ TAVElH-TELAX« 


TRUTH TABLE 


OUTPUT 



The address informa^n is latched in the on chip registers 
on the failing edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


FUNCTION 


Memory Disabled 


Cycle Begins. Addresses are Latched 


Output Enabled 


Output Valid 


Read Accomplished 


Prepare for Next Cycle (Same as -1) 


Cycle Ends. Next Cycle Begins (Same as 0) 


enabled but the data is not valid until during time (T = 2). W 
must remain high for the read cycle. After the output data 
has been read. E may return high (T = 3). This will disable 
the output buffer and all input and ready the RAM for the 
next memory cycle (T » 4). 



EARLY WRITE CYCLE 


|7)— TAVElf—TElAX<»j |8) 


-- TWIEI ■»TEl»*H-«i- 

. 

|15) —^ TDVEI H-TELOX-^I (17) 


-TEMEl—^(6) 


TRUTH TABLE 


OUTPUT 



TIME REFERENCE 



z 

Memory Disabled 

z 

Cycle Begins, Addresses are Latched 

z 

Write in Progress Internally 

z 

Write Completed 

z 

Prepare for Next Cycle (Same as -1) 

z 

Cycle Ends, Next Cycle Begins (Same as 0) 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the failing edge of E 
(T = 0). the addresses, the write signal, and the da^a input 
are Inched in on chip registers. The logic value of W at the 
time E falls determines the state of the output buffer for that 
cycle. Since W is low when E falls, the output buffer is 
latched into the high impedance state and will remain in that 


state until E return^high (T = 2). For this cycle, the data 
input is latched by E going low; therebre data ^t up and 
hold times should be referenced to E. When E (T = 2) 
returns to the high state the output buffer and all inputs are 
disabled and all signals are unlatched. The device is now 
ready for the next cycle. 
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HM-6504/883 



The late write cycle is a cross between the early write cycle 
and the read-modify-write cycle. 

Recall that in the early write the output is guaranteed to 
remain high impedance, and in the read-modify-write the 
output is guaranteed valid at access time. The late write is 


between these two cases. With this cycle the output may 
become active, and may become valid data, or may remain 
active but undefined. Valid data is written into the RAM if 
data setup, data hold, write setup and write pulse widths are 
observed. 



















































HM-6504/883 



NOTES: 

All resistors 47kW ± 5% 

FO = 100kHz ± 10% 

FI =F0 + 2,F2 = F1 -^2, F3=F2 + 2... F12 = F11 +2 
VCC = 5.5V ± 0.5V 
VIH = 4.5V ± 10% 

VIL = -0.2V to +0.4V 
Cl =0.01nF Min. 

Packaging 

18 PIN CERAMIC DIP 


.882 



* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 

MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are ——, Dimensions are in inches. 
Max 
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HM-6504/883 


Metallization Topology 

DIE DIMENSIONS: 

136 X 169 X 19 ± Imils 

METALLIZATION: 

Type: Si - Al 
Thickness: 11kA ± 2kA 

GLASSIVATION: 

Type: Si02 

Thickness: 8kA± IkA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

WORST CASE CURRENT DENSITY: 

1.79X 10® A/cm^ 

LEAD TEMPERATURE (10 seconds soldering): 
< 300°C 


Metallization Mask Layout 


HM-6504/883 

Al AO VCC A6 



W GND E D 

NOTE: Pin Numbers Correspond to DIP Package Only. 
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SEMICONDUCTOR 


HM-6514 


February 1992 


1024x4 CMOS RAM 


Features 

• Low Power Standby.125nW Max. 

• Low Power Operation.35mW/MHz Max. 

• Data Retention.@2.0V Min. 

• TTL Compatible Input/Output 

• Common Data Input/Output 

• Three-State Output 

• Standard JEDEC Pinout 

• Fast Access Time.120/200ns Max. 

• 18 Pin Package for High Density 

• On-Chip Address Register 

• Gated Inputs - No Puli Up or Pull Down Resistors Required 


Description 

The HM-6514 is a 1024 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. The device utilizes 
synchronous circuitry to achieve high performance and low 
power operation. 

On chip latches are provided for addresses allowing efficient 
interfacing with microprocessor systems. The data output 
can be forced to a high impedance state for use in expanded 
memory arrays. 

Gated inputs allow lower operating current and also elimi¬ 
nate the need for pull up or pull down resistors. The 
HM-6514 is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 

Data retention supply voltage and supply current are guaran¬ 
teed over temperature. 


Ordering Information 



PACKAGE 


Plastic DIP 


Ceramic DIP 
V883 
JAN# 
SMD# 


LCC 


TEMPERATURE RANGE 


-40°C to +85°C 


-40°C to +85°C 


-55°Cto+125°C 


120ns 


HM3-6514S-9 


HM1-6514S-9 


HM1-6514S/883 


24502BVA 


8102402VA 


200ns 

300ns 

HM3-6514B-9 

HM3-6514-9 

HM1-6514B-9 

HM1-6514-9 

HM1-6514B/883 

HM1-6514/883 


-40°C to +85°C 


-55°Cto+125°C 


* Respective /883 specifications are included at the end of this data sheet. 


8102404VA 

8102406VA 

HM4-6514B-9 

HM4-6514-9 

HM4-6514B-8 

HM4-6514-8 



Pmouts 


18 LEAD DIP 

TOP VIEW 


18 LEADLCC 
TOP VIEW 



DESCRIPTION 


A 

Address Input 

A4 

3J 

L..J ^ J L..I l._.J 

[iV 

A8 

E 

Chip Enable 

A3 

7 ] 

Hi 

A9 

W 

Write Enable 

AO 

X] 

Hi 

DQO 

D 

Data Input 

A1 

— 1 
A1 

s 

DQ1 

Q 

Data Output 

A2 

J.J 


DQ2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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HM-6514 


Functional Diagram 
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Specifications HM-6514 


Absolute Maximum Ratings Reliability Information 

Supply Voltage.+7.0V Thermal Resistance 0ja Gjc 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Ceramic DIP Package. 66°C/W 12°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175°C Ceramic DIP Package.0.75W 

Lead Temperature (Soldering 10s).+300®C Gate Count.6910 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not impiied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Operating Temperature Ranges: 

HM-6514S-9, HM-6614B-9. HM-6514-9 .-40°C to +85°C 

HM-6514B-8, HM-6514-8 .-55°C to +125°C 


DC Electrical Specifications vcc = 5V ± io%; t^ = - 40 °c to + 85 °c (hm-6514S-9, hm-6514b-9, hm-6514-9) 

Ta = -55°C to +125°C (HM-6514B-8, HM-6514-8) 


PARAMETER 


ICCSB Standby Supply Current HM-6514-9 

HM-6514-8 


Operating Supply Current (Note 1) 


ICC DR Data Retention Supply HM-6514-9 

Current - 

HM-6514-8 


VCC DR Data Retention Supply Voltage 


Input Leakage Current 


Input/Output Leakage Current 


Input Low Voltage 


Input High Voltage 


Output Low Voltage 


Output High Voltage 


Output High Voltage (Note 2) 



UNITS 

TEST CONDITIONS 

pA 

10 = 0mA, E = VCC-0.3V, VCC = 5.5V 

pA 


mA 

E = 1MHz, lO = 0mA, VI = GND, 

VCC = 5.5V, 

pA 

lO = 0mA, VCC = 2.0V, E = VCC 

pA 




VCC-2.0 VCC+0.3 


0.4 




VI = 

VCC or GND, 

VCC = 5.5V 

VIO^ 

= VCC or GND, VCC = 5.5V 

VCC 

= 4.5V 


VCC 

= 5.5V 


10 = 

2.0mA, VCC = 

= 4.5V 

10 = 

-1.0mA, VCC 

= 4.5V 

10 = 

-lOOpA, VCC 

= 4.5V 




Capacitance Ta = + 25 °c 


PARAMETER 


Input Capacitance (Note 2) 


input/Output Capacitance (Note 2) 


SYMBOL 


Cl 


CIO 


NOTES; 

1. Typical derating 5mA/MHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 



TEST CONDITIONS 


f = 1 MHz, All measurements are 
referenced to device GND 
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Specifications HM-6514 


AC Electrical Specifications vcc = 5V ± io%; = -40°c to +85°c (hm-6514S-9, hm-6514b-9, hm-6514-9) 

Ta = -55°C to +125®C (HM-6514B-8, HM-6514-8) 


SYMBOL 

PARAMETER 

LIMITS 

UNITS 

TEST 

CONDITIONS 

HM-6514S-9 1 

HM-6514B-9 

HM-6514-9 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

(1) TELQV 

Chip Enable Access Time 

- 

120 

- 

220 

- 

300 

ns 

(Notes 1,3) 

(2) TAVQV 

Address Access Time 

- 

120 

- 

220 

> 

320 

ns 

(Notes 1,3,4) 

(3) TELQX 

Chip Enable Output Enable 
Time 

5 

- 

5 

- 

5 

- 

ns 

(Notes 2, 3) 

(4) TEHQZ 

Chip Enable Output Disable 
Time 

- 

50 

- 

80 

- 

100 

ns 

(Notes 2, 3) 

(5) TELEH 

Chip Enable Pulse Negative 
Width 

120 

- 

200 

- 

300 

- 

ns 

(Notes 1,3) 

(6) TEHEL 

Chip Enabie Pulse Positive 
Width 

50 

- 

90 

- 

120 

- 

ns 

(Notes 1,3) 

(7) TAVEL 

Address Setup Time 

0 

- 

20 

- 

20 

- 

ns 

(Notes 1,3) 

(8) TELAX 

Address Hold Time 

40 

- 

50 

• 

50 

- 

ns 

(Notes 1,3) 

(9) TWLWH 

Write Enable Pulse Width 

120 

- 

200 

- 

300 

- 

ns 

(Notes 1,3) 

(10) TWLEH 

Chip Enable Write Pulse 

Setup Time 

120 

- 

200 

* 

300 

- 

ns 

(Notes 1, 3) 

(11) TELWH 

Chip Enable Write Pulse Hold 
Time 

120 

- 

200 

- 

300 

- 

ns 

(Notes 1,3) 

(12) TDVWH 

Data Setup Time 

50 

- 

120 

- 

200 


ns 

(Notes 1,3) 

(13) TWHDX 

Data Hold Time 

0 

- 

0 

- 

0 

- 

ns 

(Notes 1,3) 

(14) TWLDV 

Write Data Delay Time 

70 

- 

80 

- 

100 

• 

ns 

(Notes 1,3) 

(15) TWLEL 

Early Output HIgh-Z Time 

0 

- 

0 

- 

0 

- 

ns 

(Notes 1,3) 

(16) TEHWH 

Late Output HIgh-Z Time 

0 

• 

0 

- 

0 

- 

ns 

(Notes 1,3) 

(17) TELEL 

Read or Write Cycle Time 

170 

- 

290 

- 

420 

- 


(Notes 1,3) 


NOTES: 

1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pR 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 

4. TAVQV = TELQV + TAVEL 
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HM-6514 


Timing Waveforms 

READ CYCLE 


(7) 

TAVEL- 


E-^ 


(6) 

(17) , 

) TAVEL- 




- TELEH- 
||5) 




VALID DATA DUT 


4 - 4 - 


TRUTH TABLE 


TIME 

REFERENCE 

INPUTS 

DATA I/O 
DQ 

FUNCTION 

E 

w 

A 

-1 

H 

X 

X 

Z 

Memory Disabled 

0 

“V. 

H 

V 

z 

Cycle Begins, Addresses are Latched 

1 

L 

H 

X 

X 

Output Enabled 

2 

L 

H 

X 

V 

Output Valid 

3 

_/■ 

H 

X 

V 

Read Accomplished 

4 

H 

X 

X 

z 

Prepare for Next Cycle (Same as -1) 

5 

“V 

H 

V 

z 

Cycle Ends, Next Cycle Begins (Same as 0) 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


enabled but data is not valid until during time (T = 2). W must 
remain high throughout the read cycle. After the output data 
has been read, E may return high (T = 3). This will disable 
the output buffer and all inputs and ready the RAM for the 
next memory cycle (T = 4). 


WRITE CYCLE 



TRUTH TABLE 


TIME 

REFERENCE 

INPUTS 

DQ 

FUNCTION 

E 

W 

A 

-1 

H 

X 

X 

z 

Memory Disabled 

0 


X 

V 

z 

Cycle Begins, Addresses are Latched 

1 

L 

L 

X 

z 

Write Period Begins 

2 

L 


X 

V 

Data In is Written 

3 

V” 

H 

X 

z 

Write Completed 

4 

H 

X 

X 

z 

Prepare for Next Cycle (Same as -1) 

5 

■V 

X 

V 

z 

Cycle Ends, Next Cycle Begins (Same as 0) 
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HM-6514 


Timing Waveforms (Continued) 

WRITE CYCLE (Continued) 

The write cycle is initiated by the falling edge of E (T = 0), 
which latches the address information in the on-chip regis¬ 
ters. There are two basic types of write cycles, which differ in 
the control of the common data-in/data-out bus. 

Case 1: E falls before W falls 

The out£ut buffers may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
so irT 2 ut data can be applied. TWLDV must be met to allow 
the W signal time to disable the outputs before applying 
input data. Also,_at the end ofj^e cycle the outputs may 
become active if W rises before E. The RAM outputs and all 
inputs will three-state after E rises (TEHQZ). In this type of 
write cycle TWLEL and TEHWH may be ignored. 

Case 2: E falls equal to or^fter W falls, and E rises 
before or equal to W rising 


This E and W control timing will guarantee that the data out¬ 
puts will stay disabled throughout the cycle, thus simplifying 
the data input timing. TWLEL and TEHWH must be met, but 
TWLDV becomes meaningless and can be ignored. In this 
cycle TDVWH and TWHDX become TDVEH and TEHDX. In 
other words, reference data setup and hold times to the E 


rising edge. 


IF 

OBSERVE 

IGNORE 

Case 1 

E falls before W 

TWLDV 

TWLEL 

Case 2 

E falls after W 

E rises before W 

TWLEL 

TEHWH 

TWLDV 

TWHDX 


M[^a series of consecutive write cycles are to be performed, 
W may be held low until all desired locations have been writ¬ 
ten (an extension of Case 2). 


Test Load Circuit 


‘ TEST HEAD 
CAPACITANCE 
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SEMICONDUCTOR 


HM-6514/883 


January 1992 


Features 

• This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• Low Power iStandby.125^W Max. 

• Low Power Operation.35mW/MHzMax. 

• Data Retention.@2.0V Min. 

• TTL Compatible Input/Output 

• Common Data Input/Output 

• Three-State Output 

• Standard JEDEC Pinout 

• Fast Access Time.120/200ns Max. 

• 18 Pin Package for High Density 

• On-Chip Address Register 

• Gated inputs - No Pull Up or Puli Down Resistors 
Required 


1024x4 CMOS RAM 


Description 

The HM-6514/883 is a 1024 x 4 static CMOS RAM fabri- 
cated using seif-aligned silicon gate technology. The device 
utilizes synchronous circuitry to achieve high performance 
and low power operation. 

On chip latches are provided for addresses allowing efficient 
interfacing with microprocessor systems. The data output 
can be forced to a high impedance state for use in expanded 
memory arrays. 

Gated inputs allow lower operating current and also elimi¬ 
nates the need for pull up or pull down resistors. The HM- 
6514/883 is fully static RAM and may be maintained in any 
state for an indefinite period of time. 

Data retention supply voltage and supply current are guaran¬ 
teed over temperature. 


Pinout 

HM1-6514/883 (CERAMIC DIP) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 « . 
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Specifications HM-6514/883 


Absolute Maximum Ratings Reliability Information 

Supply Voltage.+7.0V Thermal Resistance 0,« 0,c 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Ceramic DIP Package. 66®C/W 12°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175°C Ceramic DIP Package.0.75W 

Lead Temperature (Soldering 10s).+300°C Gate Count.6910 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Input High Voltage.VCC-2.0V to VCC 

Operating Temperature Range.-55®C to +125°C Input Rise and Fall Time.40ns Max. 

Input Low Voltage.OV to +0.8V 


TABLE 1. HM-6514/883D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 



SYMBOL 

(NOTE 1) 

CONDITIONS 

GROUP A 
SUBGROUPS 

VOL 

VCC = 4.5V 
lOL = 3.2mA 

1,2,3 

VOH 

VCC = 4.5V 

IOH =-1.0mA 

1.2.3 

II 

VCC = 5.5V, 

VI = GND or VCC 

1,2,3 

lIOZ 

VCC = 5.5 V, 

VIO = GND or VCC 

1,2,3 

ICCDR 

VCC = 2.0V, 

E = VCC-0.3V, 

10 = 0mA, 

1,2,3 

ICCOP 

VCC = 5.5V, (Note 2) 

E = 1MHz 

1.2,3 

ICCSB 

VCC = 5.5V, 

E = VCC-0.3V, 

10 = 0mA 

1,2,3 


NOTES: 

1. Ail voltages referenced to device GND. 

2. Typical derating 1.5mA/MHz increase in ICCOP. 



-OO V./Ss 1/^ 2s+1X10 


-55°C<Ta<+125°C 


1,2,3 -55°C<Ta<+125°C -1.0 +1.0 \iA 


1,2,3 -55°C^Ta<+125°C -1.0 +1.0 \iA 


25 ^lA 




CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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Specifications HM-6514/883 


TABLE 2. HM-6S14/883A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 


PARAMETER 

SYMBOL 

(NOTES 1.2) 
CONDITIONS 

GROUP 

A SUB¬ 
GROUPS 

TEMPERA¬ 

TURE 

LIMITS 

UNITS 

HM-6514S/883 

HM-6514B/883 

HM-6514/883 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Chip Enable 
Access Time 

(1) TELQV 

VCC = 4.5 and 
5.5V 

9,10, 11 

-55°C Ta 
^+125°C 

- 

120 

’ 

200 

• 

300 

ns 

Address Access 
Time 

(2) TAVQV 

VCC = 4.5 and 
5.5V, Note 3 

9. 10, 11 

-55°C ^ Ta 
1+125°C 

- 

120 

- 

220 

- 

320 

ns 

Chip Enable 

Pulse Negative 
Width 

(5) TELEH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta 
^+125®C 

120 

■ 

200 

■ 

300 

■ 

ns 

Chip Enable 

Pulse Positive 
Width 

(6) TEHEL 

VCC = 4.5 and 
5.5V 

9. 10, 11 

-55°C ^ Ta 
^+125°C 

50 

■ 

90 

■ 

120 

■ 

ns 

Address Setup 
Time 

(7) TAVEL 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C Ta 
^+125°C 

0 

• 

20 

- 

20 

- 

ns 

Address Hold 

Time 

(8) TELAX 

VCC = 4.5 and 
5.5V 

9. 10, 11 

-55°C ^ Ta 
^+125°C 

40 

- 

50 

- 

50 

- 

ns 

Write Enable 

Pulse Width 

(9) TWLWH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55®C ^ Ta 
^+125°C 

120 

- 

200 

- 

300 

- 

ns 

Write Enable 

Pulse Setup 

Time 

(10) TWLEH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta 
<+125°C 

120 

■ 

200 

■ 

300 

■ 

ns 

Write Enable 

Pulse Hold Time 

(11) TELWH 

VCC = 4 5 and 

5 5V 

9, 10, 11 

-55°C < Ta 
S+125°C 

120 

- 

200 

- 

300 

- 

ns 

Data Setup Time 

(12) TDVWH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta 
^+125°C 

50 

* 

120 

- 

200 

- 

ns 

Data Hold Time 

(13) TWHDX 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta 
^+125®C 

0 

■ 

■ 

■ 

■ 

■ 

ns 

Write Data Delay 
Time 

(14) TWLDV 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta 
<+125°C 

70 

- 

80 

- 

100 

- 

ns 

Early Output 
High-Z Time 

(15) TWLEL 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C ^ Ta 
^■ f125°C 

0 

- 

0 

- 

0 

- 

ns 

Late Output 

High-Z Time 

(16) TEHWH 

VCC = 4.5 and 
5.5V 

9, 10, 11 

-55°C < Ta 
<+125°C 

0 

* 

0 

- 

0 

• 

ns 

Read or Write 
Cycle Time 

(17) TELEL 

VCC = 4.5 and 
5.5V 

9, 10. 11 

-55°C ^ Ta 
<+125°C 

170 

- 

290 

- 

420 

- 

ns 


NOTES; 


1. All voltages referenced to device GND. 

2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1 .SV; Output load: 1 TTL gate 
equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF 

3. TAVQV = TELQV + TAVEL. 


CAUTION- These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications HM-6514/883 


TABLE 3. HM-6514/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Input Capacitance 


Input/Output 

Capacitance 


Chip Enable Output 
Disable Time 


Chip Enable Output 
Disable Time 


High Level Output 
Voltage 



HM-6514/883 



NOTE TEMPERATURE MIN 


VCC = Open, f = 1MHz, All 1 
Measurements Referenced 
to Device Ground 


VCC = Open, f = 1MHz, All 1 
Measurements Refererx:ed 
to Device Ground 


VCC = 4.5 and 5.5V 


VCC = 4.5 and 5.5V 
HM-6514S/883 


VCC = 4.5 and 5.5V 
HM-6514B/883 


VCC = 4.5 and 5.5V 
HM-6514/883 


VCC = 4.5V, 10 = -lOOpA 



1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after msgor 
process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 



CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should bo followed. 


6-129 


CMOS MEMORY 












































































HM-6514/883 




TRUTH TABLE 


TIME 

INPUTS 

DATA I/O 


REFERENCE 

E 

W 

A 

DO 

FUNCTION 

-1 

H 

X 

X 

Z 

Memory Disabled 

0 


H 

V 

z 

Cycle Begins, Addresses are Latched 

1 

L 

H 

X 

X 

Output Enabled 

2 

L 

H 

X 

V 

Output Valid 

3 


H 

X 

V 

Read Accomplished 

4 

H 

X 

X 

z 

Prepare for Next Cycle (Same as -1) 

5 


H 

V 

z 

Cycle Ends, Next Cycle Begins (Same as 0) 


The address informatbn is latched in the on chip registers enabled but data Is not valid until during time (T = 2). W must 

on the falling edge of E (T = 0). Minimum address set up and remain high throughout the read cycle. After the output data 

hold time requirements must be met. After the required hold has been read, E may return high (T = 3). This will disable 

time, the addresses may change state without affecting the output buffer and all inputs and ready the RAM for the 

device operation. During time (T = 1) the output becomes next memory cycle (T = 4). 



TRUTH TABLE 


TIME 

REFERENCE 

INPUTS 

DO 

FUNCTION 

E 

W 

A 

-1 

H 

X 

X 

z 

Memory Disabled 

0 


X 

V 

z 

Cycle Begins, Addresses are Latched 

1 

L 

L 

X 

z 

Write Period Begins 

2 

L 

-T 

X 

V 

Data In is Written 

3 

-T 

H 

X 

z 

Write Completed 

4 

H 

X 

X 

z 

Prepare for Next Cycle (Same as -1) 

5 


X 

V 

z 

Cycle Ends, Next Cycle Begins (Same as 0) 






HM-6514/883 


Timing Waveforms (Continued) 

WRITE CYCLE (Continued) 

The write cycle is initiated by the falling edge of E (T = 0), 
which latches the address information in the on-chip regis¬ 
ters. There are two basic types of write cycles, which differ in 
the control of the common data-in/data-out bus. 

Case 1: E falls before W falls 

The out£ut buffers may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
so in£ut data can be applied. TWLDV must be met to allow 
the W signal time to disable the outputs before applying 
input data. Also,_at the end oijhe cycle the outputs may 
become active if W rises before E. The RAM outputs and all 
inputs will three-state after E rises (TEHQZ). In this type of 
write cycle TWLEL and TEHWH may be ignored. 

Case 2: E falls equal to or_after W falls, and E risos 
before or equal to W rising 


This E and W control timing will guarantee that the data out¬ 
puts will stay disabled throughout the cycle, thus simplifying 
the data input timing. TWLEL and TEHWH must be met, but 
TWLDV becomes meaningless and can be ignored. In this 
cycle TDVWH and TWHDX become TDVEH and TEHDX. In 
other words, reference data setup and hold times to the E 
rising edge. 



IF 

OBSERVE 

IGNORE 

Case 1 

E falls before W 

TWLDV 

TWLEL 

Case 2 

E falls after Wamd 

E rises before W 

TWLEL 

TEHWH 

TWLDV 

TWHDX 


If_a series of consecutive write cycles are to be performed, 
W may be held low until all desired locations have been writ¬ 
ten (an extension of Case 2). 


Test Load Circuit 
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HM-6514/883 


Burn-In Circuit 


HM6514/883 CERAMIC DIP 



NOTES: 

All resistors 47kQ ±5% 

F0 = 100kHz ±10% 

FI =:F0 + 2,F2 = F1+2,F3 = F2 + 2...F12 = F11 +2 

VCC = 5.5V ± 0.5V 

VIH=:4.5V±10% 

VIL = -0.2Vto+0.4V 
Cl =:0.01^FMIn. 

Packaging 

18 PIN CERAMIC DIP 


.882 



MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 

MATERIALS: Compliant to MIL-M-38510 


NOTE: Ail Dimensions are Dimensions are in inches. 

Max 
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Metallization Topology 

DIE DIMENSIONS: 

136x 167x 19±1mils 

METALLIZATION: 

Type; Si - Al 
Thickness: 11kA±2kA 

GLASSIVATION: 

Type: Si02 

Thickness: 8kA ± IkA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

WORST CASE CURRENT DENSITY: 

1.79X 10^ A/cm^ 

LEAD TEMPERATURE (10 seconds soldering): 
300°C 


Metallization Mask Layout 

HM-6514/883 


A5 A6 VCC A7 



E GND W DQ3 


Pin Numbers Correspond to DIP Package Only. 
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Features 

• Fully Static Operation 

• Industry Standard 1024 x 4 Pinout (Same as Pinouts 
for 6514.2114,9114, and 4045 Types) 

• Common Data Input and Output 

• Memory Retention for Standby Battery Voltage as Low 
as 2V Min 

• All Inputs and Outputs Directly TTL Compatible 

• 3 State Outputs 

• Low Standby and Operating Power 


Description 

The MWS5114 is a 1024 word by 4 bit static random access 
memory that uses the ion-implanted silicon gate comple¬ 
mentary MOS (CMOS) technology. It is designed for use in 
memory systems where low power and simplicity in use are 
desirable. This type has common data input and data output 
and utilizes a single power supply of 4.5V to 6.5V. 

The MWS5114 is supplied in 18 lead, hermetic, dual-in-line 
sidebrazed ceramic packages (D suffix) and in 18 lead dual- 
in-line plastic packages (E suffix). 


Ordering Information 


PACKAGE 


Plastic DIP 
Burn-In 


Ceramic DIP 
Burn-In 


TEMPERATURE RANGE 


0°C to +7(fC 


MWS5114E3 

MWS5114E3X 


MWS5114D3 

MWS5114D3X 


Pinout 




18 LEAD DIP 



TOP VIEW 


a«E 


is] VDD 

AS 


hI 

A4 [T 


^ AS 

A3 [7 


ill 

AO {T 


^ 1/01 

A1 [T 


13 ] 1/02 



^ 1/03 

c5 [7 


13 1/04 

vss [» 


23 ^ 

Operational Modes 



Write 


Not Selected 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
Copyright © Harris Corporation 1992 » - « ^ 
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Specifications l\/IWS5114 


Absolute Maximum Ratings 

DC Supply Voltage Range, (Vqd): 

(All Voltages Referenced to Vss Terminal).-0.5V to +7V 

Input Voltage Range, All Inputs.-0.5V to Vqd +0.5V 

DC Input Current, Any One Input.±10mA 

Power Dissipation Per Package (Pp) 

Ta = -40°C to +60°C (Package Type E). 500mW 

Ta = +60°C to +85®C (Package Type E).Derate Linearly at 

12mW/°C to 200mW 

Ta = -55°C to +100°C (Package Type D). 500mW 

Ta = +100°C to +125®C (Package Type D)_Derate Linearly at 

12mW/°C to 200mW 


Device Dissipation Per Output Transistor 
Ta = Full Package Temperature Range 

(All Package Types).lOOmW 

Operating Temperature Range (Ta): 

Package Type D.-55°C to +125°C 

Package Type E.-40®C to +85^0 

Storage Temperature Range (T^jg).-65°C to +150°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 In. (1.59 ± 0.79mm) 

from case for 10s max.+265®C 


Recommended Operating Conditions At Ta Full Package Temperature Range.For maximum reliability, operating conditions 

should be selected so that operation is always within the following ranges: 


LIMITS 


ALL TYPES 


CHARACTERISTIC 

MIN 

MAX 

DC Operating Voltage Range 

4.5 

6.5 

Input Voltage Range 

VSS 

VDD 



Static Electrical Characteristics At Ta = o°c to +70°c, vdd = ± 5%, Except as Noted 



Quiescent Device 
Current 


Output Low 
(Sink) Current 


Output High 
(Source) Current 


Output Voltage 
Low-Level 


Output Voltage 
High-Level 


Input Low Voltage 


lOH 


VOL 


VOH 


VIL 


Input High Voltage VIH 


CONDITIONS 


VO VIN VDD 
(V) (V) (V) 


0,5 5 


lOL 0.4 0,5 5 2 


0,5 5 -0.4 


0,5 5 


0,5 5 4.9 


5 


MWS5114-3 


(Note 1) 


MWS5114-2 

MIN 

(Note 1) 

TYP 

MAX 


MWS5114-1 


(Note 1) 



75 250 I pA 


mA 


5 


0,5 5 


0,5 5 


lOUT 0,5 0,5 5 


Input Leakage IIN 

Current (Note 2) 


Operating Current IDD1 
(Note 3) 


3-State Output 
Leakage Current 
(Note 4) 


Input Capacitance CIN 


Output Capacitance COUT 


NOTES: 

1. Typical values are for Ta = 25°C and nominal VDD. 

2. All inputs in parallel 

3. Outputs open circuited; cycle time = 1 ps. 

4. All outputs in parallel 
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Specifications MWS5114 


Dynamic Electrical Characteristics at = o°c to +70°c, Vqd = 6 V ± 5%, input tr, tf = ions; cl = 50pF and i m Load 


LIMITS 


CHARACTERISTIC SYMBOL I MIN 


READ CYCLE TIMES (FIGURE 1) 


Read Cycle 


Access from 
Address 


Chip Selection to tCO 
Output Vaiid 


(Note1) (Note 2) 


(Notel) (Note 2) 


TYP MAX 1 MIN 


(Note 1) 

(Note 2) 

MIN 

TYP 


Chip Seiection to 
Output Active 


Output 3 State 
from Deseiection 


Output Hold from tOHA 
Address Change 


WRITE CYCLE TIMES (FIGURE 2) 


Write Cycle 


Write 


Write Release 


Address to Chip 
Select Setup Time 


Address to Write 
Setup Time 


Data to Write 
Setup Time 


Data Hold from 
Write 






250 I 300 ns 


200 I 250 I ns 


100 


75 I 125 



1. Time required by a limit device to allow for the indicated function. 

2. Typical values are for T^ = 25°C and nominal VDD. 




- twc - 


ADDRESS ^ 

c_> 

< 

CS 

tACS 


tWR 



^ 7 





DIN ^ DON’T CARE 


NOTE: WE is high during the Read Cycle. Timing Measurement NOTE: WE is low during the Write Cycle. Timing Measurement 
Ref. Level Is 1.5V Ref. Level is 1.5V 


FIGURE 1. READ CYCLE TIMING WAVEFORMS 


FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 
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MWS5114 


Data Retention Characteristics at = o°c to +70°C; See Figure 3 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

VDR 

(V) 

VDD 

(V) 

ALL TYPES 

MIN 

(Notel) 

TYP 

MAX 

Minimum Data Retention Voltage 

VDR 

- 

- 

2 

- 

- 

V 

Data Retention Quiescent MWS5114-3 

Current 

IDD 

2 

- 

- 

25 

50 

pA 

MWS5114-2 

2 

- 

- 

25 

50 

pA 

MWS5114-1 

2 


- 

60 

125 

pA 

Chip Deselect to Data Retention Time 

tCDR 

- 

5 

300 

> 

i 

ns 

Recovery to Normal Operation Time 

tRC 

- 

5 

300 

- 

- 

ns 

VDD to VDR Rise and Fall Time 

tr.tf 

2 

5 

1 

- 

- 

ps 


NOTE; 1. Typical Values are for T^^ = 25°C and nominal Vqq 



FIGURE 3. LOW VDD DATA RETENTION TIMING WAVEFORMS 
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SEMICONDUCTOR 


HM-6516 


January 1992 


2K X 8 CMOS RAM 


Features 

• Low Power Standby.275^WMax. 

• Low Power Operation.55mW/MHz Max. 

• Fast Access Time.120/200ns Max. 

• Industry Standard Pinout 

• Single Supply.5.0VVCC 

• TTL Compatible 

• Static Memory Ceils 

• High Output Drive 

• On-Chip Address Latches 

• Easy Microprocessor Interfacing 


Ordering Information 


Description 

The HM-6516 is a CMOS 2048 x 8 Static Random Access Memory. 
Extremely low power operation is achieved by the use of 
complementary MOS design techniques. This low power is further 
enhanced by the use of synchronous circuit techniques that keep the 
active (operating) power low, which also gives fast access times. The 
pinout of the HM-6516 is the popular 24 pin, 8 bit wide JEDEC 
standard which allows easy memory board layouts, flexible enough to 
accommodate a variety of PROMs, RAMS, EPROMs, and ROMs. 

The HM-6516 is Ideally suited for use in microprocessor based 
systems. The byte wide organization simplifies the memory array 
design, and keeps operating power down to a minimum because only 
one device Is enabled at a time. The address latches allow very 
simple interfacing to recent generation microprocessors which employ 
a multiplexed address/data bus. The convenient output enable control 
also simplifies multiplexed bus interfacing by allowing the data outputs 
to be controlled independent of the chip enable. 



TEMPERATURE RANGE 


-40°C to +85°C 


-55°C to +125°C 


-40°C to +85®C 


-55°C to +125°C 



Respective /883 specifications are included at the end of this data sheet. 


Pinouts 


24 LEAD DIP 

TOP VIEW 



32 LEAD LCC 
TOP VIEW 


14J L2J L2J • 1'82J SU SPJ 

A6 5.J “ £29 A8 

JB] ps’ A9 

A4 J] NC 

A3 [{] pjs W 

—^ r-- •• 

A2 9J RS. <3 

••n r-- 

A1 10* g4 A10 

AO 11J ^J3 E 

NC £22 DQ7 

DQO Gi] . £21 DOS 

\ ?|4'! Hsl ii'sl tiT! h'sl H'gl aol / 

g ii ^ § i ^ 


PIN _ DESCRIPTION 

NC No Connect 
AO - A10 Address Inputs 

E Chip Enable/Power Down 
VSS/GND Ground 
DQO - DQ7 Data In/Data Out 
VCC Power (+5V) 

W Write Enable 
G Output Enable 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 c i oo 
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Specifications HM~6516 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage. 

Input or Output Voltage Applied for ail Grades.. 

Storage Temperature Range. 

Junction Temperature. 

Lead Temperature (Soldering 10s). 

ESD Classification. 

.+7.0V 

..■..GND-0.3Vto 
VCC+0.3V 
. -65°C to +150®C 

. +175°C 

. +300°C 

.Class 1 

Thermal Resistance. 0ja 

Ceramic DIP Package. 48°C/W 

Ceramic LCC Package. 66°C/W 

Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package. 

Ceramic LCC Package. 

Gate Count. 

®JC 

8®C/W 

12®C/W 

.1W 

.0.75W 

..25953 Gates 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

Operating Conditions 

Operating Voltage Range. 

.. +4.5V to +5.5V 

Operating Temperature Ranges: 

HM-6516B-9, HM-6516-9. 

-40°C to +85°C 


DC Electrical Specifications vcc = 5V ± io%; Ta = -40°c to +85°c (hm-6516B-9, hm-6516-9) 



Capacitance Ta = -»^25°c 


SYMBOL 

PARAMETER 

MAX 

UNITS 

TEST CONDITIONS 

Cl 

Input Capacitance (Note 2) 

8 

PF 

f = 1 MHz, All measurements are 

CIO 

Input/Output Capacitance (Note 2) 

10 

PF 

1 tfloiwi lUwVl Ivl 


NOTES: 

1. Typical derating 5mA/MHz increase In ICCOR 

2. Tested at initial design and after major design changes. 
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Specifications HM~6516 


AC Electrical Specifications vcc = 5v ± io%; Ta= -40°c to +85°c (hm-6516B-9, hm-6516-9) 


LIMITS 


SYMBOL PARAMETER 


(1) TELQV Chip Enable Access Time 


Address Access Time 


(3) TELQX Chip Enable Output Enable Time 


(4) TWLQZ Write Enable Output Disable Time 


Chip Enable Output Disable Time 


Output Enable Output Valid Time 


(7) TGLQX Output Enable Output Enable Time 


(8) TGHQZ Output Enable Output DisableTime 


Chip Enable Pulse Negative Width 


Chip Enable Pulse Positive Width 


(11) TAVEL Address Setup Time 


(12) TELAX Address Hold Time 


(13) TWLWH Write Enable Pulse Width 


(14) TWLEH 


(15) TELWH 


Write Enable Pulse Setup Time 


Write Enable Pulse Hold Time 


Data Setup Time 


(17) TWHDX Data Hold Time 


Read or Write Cycle Time 


(18) TELEL 


NOTES; 


HM-6516B-9 


MAX 


HM-6516-9 


MIN 



UNITS 

TEST 

CONDITIONS 

ns 

(Notes 1,3) 

ns 

(Notes 1,3, 4) 

ns 


ns 

(Notes 2,3) 

ns 

(Notes 2,3) 

ns 

(Notes 1,3 

ggi 

(Notes 2,3) 


(Notes 2,3) 

m 

(Notes 1,3 


(Notes 1,3 

1 

ns 


ns 


ns 

(Notes 1,3 

ns 

(Notes 1,3 

ns 

(Notes 1,3 

ns 

(Notes 1,3 

ns 

(Notes 1,3 

ns 

(Notes 1,3 


1 . Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2 . Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 

4. TAVQV = TELQV + TAVEL. 


1.5V; Output load: 
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HM-6516 


Timing Waveforms 


READ CYCLE 


TIME. 

REFERENCE 



The address informatjon is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs ^come 
enabled but data is not valid until time (T = 2), W must 


remain high_throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out¬ 
put buffers into a high impedance mode at time (T = 4). G is 
used to disable the output buffers when In a logical “1” state 
(T = -1,0, 3, 4, 5). After (T = 4) time, the memory is ready for 
the next cycle. 


WRITE CYCLE 


| 12 | 

(II) ^TELAX 
TAVEL ^ 




TIME. 

REFERENCE 


The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip 
registers. If a write cycle is to^be performed where the output 
is not to become active, G can be held high (inactive). 
TDVWH and TWHI^ mu_st be niet for proper ^vice opera¬ 
tion regardless of G. If E and G fall befoj;e W falls (read 
mode), a possible bus conflict may exist. If E rises before W 


rises, reference data setup and hold times to the E rising 
edge. The write op^ation is terminated by thejirst rising 
edge of W (T = 2) or E (T = 3). After the minimum E high time 
(TEHEL), the next cycle may begin. If_^series of consecutive 
write cycles are to be performed, the W line may be held low 
until all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising of E. 
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HM-6516/883 


January 1992 


2K X 8 CMOS RAM 


Features 

• This Circuit is Processed in Accordance to 
Mii-Std-883 and is Fuiiy Conformant Under 
the Provisions of Paragraph 1.2.1. 

• Low Power Standby.275^WMax. 

• Low Power Operation.55mW/MHzMax. 

• Fast Access Time.120/200ns Max. 

• Industry Standard Pinout 

• Single Supply.5.0VVCC 

• TTL Compatible 

• Static Memory Cells 

• High Output Drive 

• On>Chip Address Latches 

• Easy Microprocessor Interfacing 


Description 

The HM-6516/883 is a CMOS 2048 x 8 Static Random Access Memory. 
Extremely low power operation Is achieved by the use of complementary 
MOS design techniques. This low power is further enhanced by the use of 
synchronous circuit techniques that keep the active (operating) power low, 
which also gives fast access times. The pinout of the HM-6516/883 is the 
popular 24 pin, 8 bit wide JEDEC standard which allows easy memory 
board layouts, flexible enough to accommodate a variety of PROMs, 
RAMS, EPROMs, and ROMs. 

The HM-6516/883 is ideally suited for use in microprocessor based sys¬ 
tems. The byte wide organization simplifies the memory array design, and 
keeps operating power down to a minimum because only one device is 
enabled at a time. The address latches allow very simple interfacing to 
recent generation microprocessors which employ a multiplexed address/ 
data bus. The convenient output enable control also simplifies multiplexed 
bus Interfacing by allowing the data outputs to be controlled independent 
of the chip enable. 


Pinouts 

HM1-6516/883 (CERAMIC DIP) 
TOP VIEW 


AtE 

yj 

M vcc 

asE 


i] A8 

AsE 


U A9 

a*K 


0 ] w 

A3E 


il G 

A 2 E 


iU A10 

aiE 


El E 

AoE 


iU DQ7 

dqoE 


El DQ6 

DQ1 El 


El DQ5 

DQ 2 EI 


El DQ4 

gndEI 


El DQ3 


HM4-6516/883 (CERAMIC LCC) 
TOP VIEW 



PIN 

DESCRIPTION 

NC 

No Connect 

A0-A10 

Address Inputs 

E 

Chip Enable/Power Down 

VSS/GND 

Ground 

DQO-DQ7 

Data In/Data Out 

VCC 

Power (+5V) 

W 

Write Enable 

G 

Output Enable 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pj|0 isjyrnber 2999 
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Specifications HM-6516/883 


Absolute Maximum Ratings 


Reiiability information 


Supply Voltage.+7.0V Thermal Resistance 


Input or Output Voltage Applied for ail Grades.GND-O.SV to 

VCC+0.3V 


Ceramic DIP Package. 48°C/W 8°C/W 

Ceramic LCC Package. 66®C/W 12®C/W 


Storage Temperature Range.-65°C to +150^C Maximum Package Power Dissipation at -i-125°C 


Junction Temperature.+175°C 

Lead Temperature (Soldering 10s).+300®C 


Ceramic DIP Package.1W 

Ceramic LCC Package.0.75W 





(NOTE 1) 

GROUP A 


PARAMETER 

SYMBOL 

CONDITIONS 

SUBGROUPS 


VCC = 4.5V 
10 =-1.0mA 


VCC = 4.5V 
10 = 3.2mA 


ESD Classification.Class 1 Gate Count.25953 Gates 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Input High Voltage.+2.4V to VCC 

Operating Temperature Range.-55°C to +125°C Data Retention Supply Voltage.2.0V to 4.6V 

Input Low Voltage.OV to +0.8V Input Rise and Fall Time.40ns Max. 


TABLE 1. HM-6516/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


TEMPERATURE 


-55°C^Ta^+125°C 


-55°C^Ta^+125°C 


-65®C^Ta^+125°C 


-55°C<Ta^+125°C 


-55®C<Ta<+125°C 


-55°C<Ta<+125®C 


-55°C^Ta<+125®C 


-55°C<Ta<+125°C 


-55°C<TA<-f125°C 


-55°C^Ta^+125°C 


High Level 
Output Voltage 


Low Level 
Output Voltage 


High Impedance 
Output Leakage 
Current 


Input Leakage 
Current 


Operating Supply 
Current 


Standby Supply 
Current 


Data Retention 
Supply Current 


Functional Test 


NOTES: 





VCC = G = 5.5 V, 
VIO = GND or VCC 


VCC = 5.5V. 

VI = GNDorVCC 


VCC = G = 5.5V, (Note 2) 
f=1MHz, VUGND or VCC 


VCC = 5.5V, HM-6516/883 

E = VCC-0.3V, 

lO = 0mA, VI = GND or VCC 


VCC = 5.5V, HM-6516B/883 
E = VCC-0.3V, 

10 = 0mA, VI = GND or VCC 


VCC = 2.0V, HM-6516/883 
E = VCC-0.3V, 

10 = 0mA, VI = GND or VCC 


VCC = 2.0V, HM-6516B/883 
E = VCC-0.3V, 

10 = 0mA, VUGND or VCC 


VCC = 4.5V (Note 3) 












1.0 

pA 

10 

mA 

100 

pA 

50 

pA 

60 

pA 

25 

pA 


1. All voltages referenced to device GND. 

2. Typical derating 1.5mA/MHz Increase in ICCOP. 

3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, lOH = -4.0mA. lOL = 4.0mA, VOH 1.5V, and VOL^ 1.5V. 
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Specifications HM-6516/883 


TABLE 2. HM-6514AS3A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 



LIMITS 


GROUP HM-6516By883 HM-6516/883 

(NOTES 1,2) A SUB- _,_,- 

CONDITIONS GROUPS TEMPERATURE MIN MAX MIN MAX UNITS 


Chip Enable (1) TELQV VCC = 4.5 and 5.5V 9,10,11 -55°C ^T^^+125°C 

Access Time 


Address Access (2) TAVQV VCC = 4.5 and 5.5V, 9,10,11 -55°C ^Ta ^+125°C 

Time (Note 3) 


Chip Enable (9) TELEH VCC = 4.5 and 5.5V 9,10,11 -55 ®CsTa^+125°C 120 

Pulse Negative 

Width 


Chip Enable (10) TEHEL VCC = 4.5 and 5.5V 9,10,11 -55 °C^Ta^+125°C 50 

Pulse Positive 

Width 


Address Set-up (11) TAVEL VCC = 4.5 and 5.5V 9,10,11 -55°C ^ Ta ^+125°C 

Time 


Address Hold (12) TELAX VCC = 4.5 and 5.5V 9. 10,11 -55°C ^ Ta < +125°C 30 

Time 


Write Enable (13) TWLWH VCC = 4.5 and 5.5V 9.10.11 -55 °C<Ta^+125°C 120 

Pulse Width 


Write Enable (14) TWLEH VCC = 4.5 and 5.5V 9,10,11 -550C ^ Ta < +1250C 120 

Pulse Set-up 





Chip Selection to 
End of Write 

(15) TELWH 

VCC = 4.5 and 5.5V 

9,10,11 

-55°C < Ta < +125°C 

120 

■ 

200 

■ 

ns 

Data Set-up Time 

(16) TDVWH 

VCC = 4.5 and 5.5V 

9, 10,11 

-55°C < Ta < +125°C 

50 

- 

80 

- 

ns 

Data Hold Time 

(17) TWHDX 

VCC = 4.5 and 5.5V 

9, 10,11 

-55°C < Ta < +125®C 

10 

- 

10 

- 

ns 

Read or Write 
Cycle Time 

(18) TELEL 

VCC = 4.5 and 5.5V 

9, 10, 11 

-55°C ^ Ta < +125°C 

170 

- 

280 

■ 

ns 


NOTES: 

1 . All voltages referenced to device GND. 

2. Input pulse levels: 0.8V to VCC-2.0V: Input rise and fall times. 5ns (max). Input and output timing reference level: 1 5V: Output bad- 1 TTL gate 
equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0 15ns per pF. 

3. TAVQV = TELQV + TAVEL. 
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Specifications HM-6516/883 


TABLE 3. HM-6516/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 







LIMITS 


PARAMETER 

SYMBOL 

CONDITIONS 

NOTES 

TEMPERATURE 

MIN 

MAX 

UNITS 

Input Capacitance 

Cl 

VCC = Open,f=1MHz, All 
Measurements Referenced 
to Device Ground 

1,2 

Ta = +25°C 


8 

PF 



VCC = Open,f = 1MHz, All 
Measurements Referenced 
to Device Ground 

1,3 



12 

PF 

Input/Output 

Capacitance 

CIO 

VCC = Open, f = 1MHz. All 
Measurements Referenced 
to Device Ground 

1,2 

Ta = +25°C 


10 

pF 



VCC = Open,f= 1MHz, All 
Measurements Referenced 
to Device Ground 

1,3 

Ta = +25®C 


14 

pF 

Chip Enable to Output 
Valid Time 

(3) TELQX 

VCC = 4.5 and 5.5V 


-55°C<Ta<+125°C 

10 

- 

ns 

Write Enable Output 
Disable Time 

(4) TWLQZ 

VCC = 4.5 and 5.5V 
HM-6516/883 


-55°C<Ta<+125°C 

- 

80 

ns 



VCC = 4.5 and 5.5V 
HM-6516B/883 


-55°C<Ta<+125°C 

- 

50 

ns 

Chip Enable Output 
Disable Time 

(5) TEHQZ 

VCC = 4.5 and 5.5V 
HM-6516/883 


-55°C<Ta<+125°C 

- 

80 

ns 



VCC = 4.5 and 5.5V 
HM-6516B/883 


-55°C<Ta<+125°C 

- 

50 

ns 

Output Enable 

Access Time 

(6) TGLQV 

VCC = 4.5 and 5.5V 


-55°C < Ta <+125°C 

- 

80 

ns 

Output Enable to 
Output Valid Time 

(7) TGLQX 

VCC = 4.5 and 5.5V 


-55°C < Ta < +125°C 

10 

- 

ns 

Output Disable Time 

(8) TGHQZ 

VCC = 4.5 and 5.5V 
HM-6516/883 


-55°C < Ta < +125°C 

- 

80 

ns 



VCC = 4.5 and 5.5V 
HM-6516B/883 


-55°C < Ta < +125°C 

- 

50 

ns 


NOTES: 

1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 

2 . Applies to LCC device types only. 

3. Applies to DIP device types only. 












































































































HM-6516/883 


Timing Waveforms 

READ CYCLE: HM^ie/883 and HM-6S16B/883 


TIME_ 

REFERENCE 



The address informatjon is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs ^come 
enabled but data is not valid until time (T = 2), W must 


remain higMhroughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out¬ 
put buffers into a high impedance mode at time (T = 4). G is 
used to disable the output buffers when in a logical “1” state 
(T = -1,0,3, 4, 5). After (T = 4) time, the memory Is ready for 
the next cycle. 


WRITE CYCLE: HM-65t6/883 and HM-6516B/883I 


I (11) Jti 

H TAVEL K 


(12) I 

telaxL 









|15)[^ TELWH kTDVWH-3(16) LtWHDX(I7) 


: VALID DATA IN, 


TIME. 

REFERENCE 


2 3 4 


The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip 
registers. If a write cycle is to^be performed where the output 
is not to become active, G can be held high (Inactive). 
TDVWH and TWHDX^mu^ bejmet for proper device 
operation regardless of G. If E and G fall before W falls (read 
mode), a possible bus conflict may exist. If E rises before W 


rises, reference data setup and hold times to the E rising 
edge. The write op^ation is terminated by thejirst rising 
edge of W (T = 2) or E (T = 3). After the minimum E high time 
(TEHEL), the next cycle may begin. If_a^serles of consecutive 
write cycles are to be performed, the W line may be held low 
until all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising of E. 
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HM-6516/883 


Metallization Topology 

DIE DIMENSIONS: 

186.6 X 199.6 x19±1mils 

METALLIZATION: 

Type: SI - Al 
Thickness: 9kA - 1 3kA 

GLASSIVATION: 

Type: SiOj 

Thickness: 7kA ± 9kA 

DIE ATTACH: 

Material: Gold/Siiicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 

0.5x10®A/cm2 


Metallization Mask Layout 

HM-6516/883 


A3 A4 AS A6 A7 VCC AS A9 W G, A10 



6-150 
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Packaging 


24 PIN CERAMIC DIP 


1.240 



065 • INCREASE MAX UMIT BY .003 INCHES 

MEASURED AT CENTER OF FLAT FOR 
SOLDER RNISH 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T24 

MATERIALS: Compliant to MIL-M38510 

32 PAD CERAMIC LCC 



NOTE' All Dimensions are Dimensions are in inches. 

Max 
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SEMICONDUCTOR 


HM-65162 


January 1992 


Features 

• Fast Access Time.70/90ns Max 

• Low Standby Current.50)xA Max 

• Low Operating Current.70mA Max 

• Data Retention at 2.0 Voits.20^A Max 

• TTL Compatible Inputs and Outputs 

• JEDEC Approved Pinout (2716, 6116 Type) 

• No Clocks or Strobes Required 

• Equal Cycle and Access Time 

• Single 5 Volt Supply 

• Gated Inputs 

- No Pull-Up or Pull-Down Resistors Required 


2K X 8 Asynchronous 
CMOS Static RAM 


Description 

The HM-65162 is a CMOS 2048 x 8 Static Random Access 
Memory manufactured using the Harris Advanced SAJI V 
process. The device utilizes asynchronous circuit design for 
fast cycle time and ease of use. The pinout Is the JEDEC 24 
pin DIP, and 32 pad 8 bit wide standard which allows easy 
memory board layouts flexible to accommodate a variety of 
industry standard PROMs, RAMs, ROMs and EPROMs. The 
HM-65162 is ideally suited for use in microprocessor based 
systems with its 8 bit word length organization. The conve¬ 
nient output enable also simplifies the bus interface by allow¬ 
ing the data outputs to be controlled independent of the chip 
enable. Gated inputs lower operating current and also elimi¬ 
nate the need for pull-up or pull-down resistors. 


Ordering Information 


TEMPERATURE 

RANGE 55ns/40^A* 


-40°Cto+85°C HM1-65162S-9 


PACKAGE 


Ceramic DIP 
/883** 
JAN# 
SMD# 


LCC 

/ 883 ** 

JAN# 

SMD# 


* Access Time/Data Retention Supply Current. 

** Respective /883 specifications are included at the end of this data sheet. 


-55°C to +125°C 


-40°C to +85°C 


-55°C to +125°C 



70ns/20pA* 

90ns/40pA* 

90nsy300pA* 


HM1-65162B-9 

HM1-65162-9 

HM1-65162C-9 


HM1-65162B/883 

HM1-65162/883 

HM1-65162C/883 


29110BJA 

29104BJA 

- 

8403606JA 

8403602JA 

8403603JA 


HM4-65162B-9 

HM4-65162-9 

HM4-65162C-9 


HM4-65162B/883 

HM4-65162/883 

HM4-65162C/883 


29110BXA 

29104BXA 

- 

8403606ZA 

8403602ZA 

8403603ZA 

I 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 o 1 co 
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Pinouts 


32 LEAD LCC 
TOP VIEW 


PIN NAMES 


24 LEAD DIP 

TOP VIEW 


A7 

E 

- KJ - 


VCC 

A6 

E 



A8 

A5 

E 



A8 

A4 

E 



W 

A3 

E 



G 

A2 

E 



A10 

A1 

E 



I 

AO 

E 



DQ7 

DQO 

E 



DQ6 

DQ1 

Eo 



DOS 

DQ2 

m 



DQ4 

GND 

Ei 



DQ3 


o o o u o 
< z z z > z z 



A8 

A9 

NC 

W 

G 

A10 

f 

DQ7 

DQ6 


PIN 

DESCRIPTION 

NC 

No Connect 

A0-A10 

Address Input 

E 

Chip Enable/Power Down 

VSS/GND 

Ground 

DQ0-DQ7 

Data In/Data Out 

VCC 

Power (+5V) 

W 

Write Enable 

G 

Output Enable 


Functional Diagram 




A3 O— 
A4 O— 
A5 O— 
A6 O— 


I 

I 

I 


ROW 

ADDRESS 

BUFFER 


ROW 

DECODER 


7 ^ 

128 


128X128 
MEMORY ARRAY 












Specifications HM-65162 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+7.0V Thermal Resistance 


Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V 

Storage Temperature Range.-65°C to +150°C 


Ceramic DIP Package. 48°C/W 

Ceramic LCC Package. 85°C/W 


Junction Temperature.+175°C Maximum Package Power Dissipation at +125°C 


Lead Temperature (Soldering 10s).+300°C 

Typical Derating Factor.5mA/MHz Increase in ICCOP 


ESD Classification.Class 1 Gate Count. 


Ceramic DIP Package.1W 

Ceramic LCC Package.0.58W 


. 26000 Gates 


CAUTION: Stresses atxyve those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating 
and operation of the device at these or any other conditions sdx>ve those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.... 


+4.5V to +6.5V Operating Temperature Range 
HM.65162S-9, HM-65162B-9, 
HM-65162-9, HM65162C-9... 


-40°C to +85°C 


DC Electrical Specifications VCC = 5V ± 10 %; Ta = -40°C to +85°C (HM-65162S-9, HM-65162B-9, HM-65162-9, HM-65162C-9) 


LIMITS 


SYMBOL 





PARAMETER 


Standby Supply Current 


Standby Supply Current 


Enabled Supply Current 


Operating Supply Current (Note 1) 


ICC DR Data Retention Supply Current 




VCCDR Data Retention Supply Voltage 


Input Leakage Current 


Input/Output Leakage Current 


Input Low Voltage 


Input High Voltage 


Output Low Voltage 


Output High Voltage 


Output High Voltage (Note 2) 


Capacitance Ta = + 25 °c 



TEST conditions 


HM-65162B-9,10 = 0mA, 

E = VCC - 0.3V, VCC = 5.5V 


HM-65162S-9, HM65162-9, 
10 = 0mA, E = VCC - 0.3V, 
VCC = 5.5V 


HM-65162C-9,10 = 0mA, 

E = VCC - 0.3V, VCC = 5.5V 





HM-65162B-9,10 = 0mA, 
VCC = 2.0V, E = VCC-0.3V 


HM-65162S-9, HM-65162-9, 
10 = 0mA, VCC = 2.0V, 

E = VCC - 0.3V 


HM-65162C-9,IO = OmA, 
VCC = 2.0V, E = VCC - 0.3V 


VI = 

VCC or GND, 

VCC = 5.5V 

VIO: 

= VCC or GND, VCC = 5.5V 

VCC 

= 4.5V 


VCC 

= 5.5V 


10 = 

4.0mA, VCC = 

= 4.5V 

10 = 

-1.0mA, VCC 

= 4.5V 

10 = 

-lOOpA, VCC 

= 4.5V 


SYMBOL 

PARAMETER 

MAX 

UNITS 

Cl 

Input Capacitance (Note 2) 

10 

PF 

CIO 

Input/Output Capacitance (Note 2) 

12 

PF 


TEST CONDITIONS 


f = 1MHz, All measurerr jnts are 
referenced to device CND 




NOTES: 1. Typical derating 5mA/MHz increase In ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM~65162 


AC Electrical Specifications VCC = 5V ± 10%, = - 40 °c to +85°C (HM-65162S-9, HM-65162B-9, HM65162-9, HM-65162C-9) 


LIMITS 

HM-65162S-9 HM-65162B-9 HM-65162>9 HM-65162C<9 

MIN I MAX MIN I MAX MIN I MAX MIN I MAX UNITS CONDITIONS 


SYMBOL 


READ CYCLE 


PARAMETER 


(1) TAVAX 

Read Cycle Time 

55 

- 

70 

- 

90 

- 

90 

- 

ns 

(Notes 1,3) 

(2) TAVQV 

Address Access Time 

- 

55 

- 

70 

- 

90 

- 

90 

ns 

(Notes 1,3, 4) 

(3) TELQV 

Chip Enable Access 
Time 

- 

55 


70 

- 

90 

- 


ns 

(Notes 1,3) 

(4) TELQX 

Chip Enable Output 
Enable Time 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

(Notes 2, 3) 

(5) TGLQV 

Output Enable Access 
Time 

• 

35 

- 

50 

- 

65 

- 

65 

ns 

(Notes 1,3) 

(6) TGLQX 

Output Enable Output 
Enable Time 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

(Notes 2, 3) 

(7) TEHQZ 

Chip Enable Output 
Disable Time 

- 

35 

- 

35 

- 

50 

- 

50 

ns 

(Notes 2, 3) 

(8) TGHQZ 

Output Enable Output 
Disable Time 

- 

30 

- 

35 

- 

40 

- 

40 

ns 

(Notes 2, 3) 

(9) TAVQX 

Output Hold From 
Address Change 

5 

- 

5 

- 

5 

- 

5 

- 

ns 

(Notes 1,3) 


WRITE CYCLE 


(10) TAVAX 

Write Cycle Time 

55 

- 


- 

90 

- 

90 

- 

ns 

(Notes 1,3) 

(11) TELWH 

Chip Selection to End of 
Write 

45 

- 

45 

- 

55 

- 

55 

- 

ns 

(Notes 1, 3) 

(12) TAVWL 

Address Setup Time 

5 

- 

10 

- 

10 

- 

10 

- 

ns 

(Notes 1,3) 

(13) TWLWH 

Write Enable Pulse 

Width 

40 

- 

40 

- 

55 

- 

55 

- 

ns 

(Notes 1,3) 

(14) TWHAX 

Write Enable Read 

Setup Time 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

(Notes 1,3) 

(15) TGHQZ 

Output Enable Output 
Disable Time 

- 

30 

- 

35 

- 

40 

. 

40 

ns 

(Notes 2, 3) 

(16) TWLQZ 

Write Enable Output 
Disable Time 

- 

30 

- 

40 

- 

50 


50 

ns 

(Notes 2, 3) 

(17) TDVWH 

Data Setup Time 

25 

- 

30 

- 

30 

- 

30 

- 

ns 

(Notes 1,3) 

(18) TWHDX 

Data Hold Time 

10 

- 

10 

- 

15 

- 

15 

- 

ns 

(Notes 1,3) 

(19) TWHQX 

Write Enable Output 
Enable Time 

0 

- 

0 

- 

0 

■ 

0 

- 

ns 

(Notes 1,3) 

(20) TWLEH 

Write Enable Pulse Set¬ 
up Time 

45 

- 

40 

* 

55 

- 

55 

- 

ns 

(Notes 1,3) 

(21) TDVEH 

Chip Enable Data 

Setup Time 

25 

- 

30 

- 

30 

- 

30 

- 

ns 

(Notes 1,3) 

(22) TAVWH 

Address Valid to End of 
Write 

45 

- 

50 

- 

65 

- 

65 

- 

ns 

(Notes 1,3) 


NOTES: 

1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent and CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4 5 and 5.5V. 

4. TAVQV = TELQV + TAVEL. 



6-155 


CMOS MEMORY 





































































































































































































HM-65162 


Timing Waveforms 


READ CYCLE 


ADDRESS 



NOTE: W Is High for a Read Cycle 


Addresses mustjemaln_ stable for the duration of the read 
cycle. To read, G and E must be ^ VIL and W >^IH. The 
output buffers can be controlled independently by G while E 
is low. To execute consecutive read cycles, E may be tied 


low continuously until all desired locations are accessed. 
When E is low, addresses must be driven by stable logic 
levels and must not be in the high impedance state. 


WRITE CYCLE I 


ADDRESS 



TWHAX 

|M) 




|22)TAVWH 



NOTE: G is Low throughout Write Cycle 


To write, addresses must be stable, E low and W falling low 
for a period no shorter than TWLWH. Data in is referenced 
with the rising edge of W (TDVWH and TWHDX). While 
addresses are changing, W must be high. When W falls low, 
the I/O pins are still in the output state for a period of TWLQZ 


and input data of the opposite phase to t]ie outputs must not 
be applied, (Bus contention). If E transitions low 
simultaneously with the W line transitioning low or after the 
W transition, the output will remain in a high impedance 
state. G is held continuously low. 
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HM-65162 



In this write cycle G has control of the output after a period, TGHQZ. When W transitions high, the data in can change 
TGHQZ. G switching the output to a high impedance state after TWHDX to complete the write cycle, 
allows data in to be applied without bus contention after 


Low Voltage Data Retention 

Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 


1. Chip Enable (E) must be held high during data retention; within 
VCC - 0.3V to VCC + 0.3V. 

2. On RAMs which have selects or output enables (e.g., S, G), one 
of the selects or output enables should be held In the deselected 
state to keep the RAM outputs high impedance, minimizing 
power dissipation. 


3. Inputs which are to be held high (e.g., E) must be kept between 
VCC + 0.3V and 70% of VCC during the power up and down 
transitions. 

4. The RAM can begin operation > 55ns after VCC reaches the min¬ 
imum operating voltage (4.5 volts). 


DATA RETENTION TIMING 
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SEMICONDUCTOR 


HM-65162/883 


January 1992 


Features 

• This Circuit is Processed in Accordance to Mil-Std-883 
and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• Fast Access Time.70/90ns Max 

• Low Standby Current.50^A Max 

• Low Operating Current.70mA Max 

• Data Retention at 2.0 Volts.20 m.A Max 

• TTL Compatible Inputs and Outputs 

• JEDEC Approved Pinout (2716, 6116 Type) 

• No Clocks or Strobes Required 

• Wide Temperature Range.-55°C to •f125*’C 

• Equal Cycle and Access Time 

• Single 5 Volt Supply 

• Gated Inputs 

- No Pull-Up or Pull-Down Resistors Required 


2K X 8 Asynchronous 
CMOS Static RAM 


Description 

The HM-65162/883 is a CMOS 2048 x 8 Static Random 
Access Memory manufactured using the Harris Advanced 
S/VJI V process. The device utilizes asynchronous circuit 
design for fast cycle time and ease of use. The pinout is the 
JEDEC 24 pin DIP, and 32 pad 8 bit wide standard which 
allows easy memory board layouts flexible to accommodate 
a variety of industry standard PROMs, RAMs, ROMs and 
EPROMs. The HM-65162/883 is ideally suited for use in 
microprocessor based systems with its 8 bit word length 
organization. The convenient output enable also simplifies 
the bus interface by allowing the data outputs to be 
controlled independent of the chip enable. Gated inputs 
lower operating current and also eliminate the need for pull- 
up or pull-down resistors. 


Pinouts 

HM1-65162/883 (CERAMIC DIP) 
TOP VIEW 


HM4-65162/883 CERAMIC LCC) 
TOP VIEW 


E i4i>3'i2||1i '32' '31' '30* N 

J p.J 

5 J ” [2^ A8 


AO 

E 


izl 

DQ7 

A2 


DQO 

E 


I 

DQ6 

A1 

ip] 

DQ1 

E 


1 

DOS 

AO 

]Tl 

DQ2 

E 



DQ4 

NC 

]¥l 

GND 

E 


1 

DQ3 

DQO 

3PJ 


PIN 

DESCRIPTION 

NC 

No Connect 

AO-A10 

Address Input 

E 

Chip Enable/Power Down 

VSS/GND 

Ground 

DQO - DQ7 

Data In/Data Out 

VCC 

Power {+5V) 

W 

Write Enable 

G 

Output Enable 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 e 1 kq 
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Specifications HM-65162/883 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+7.0V Thermal Resistance Gja e,c 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Ceramic DIP Package. 48°C/W 8°C/W 

Storage Temperature Range.-65°C to +150°C Ceramic LCC Package. 85°C/W 40°C/W 

Junction Temperature.+175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s).+300°C Ceramic DIP Package.1W 

Typical Derating Factor.1.5mA/MHz Increase In ICCOP Ceramic LCC Package.0.58W 

BSD Classification.Class 1 Gate Count.26000 Gates 

CAUTION: Stresses atxjve those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating 
and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5Vto+5.5V Input High Voltage.-2.2VtoVCC 

Operating Temperature Range.-55°C to +125®C Data Retention Supply Voltage.2.0V to 4.5V 

Input Low Voltage.OV to +0.8V Input Rise and Fall Time.40ns Max. 

Chip Enable High/Low Time.40ns (Min) 


TABLE 1. 65162/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 


(NOTE 1) 
CONDITIONS 


PARAMETER 

SYMBOL 

High Level Output 
Voltage 

VOH1 

Low Level Output 
Voltage 

VOL 

High Impedance 
Output Leakage 
Current 

lIOZ 

Input Leakage 

Current 

II 

Standby Supply 
Current 

ICCSB1 

Standby Supply 
Current 

ICCSB 

Operating Supply 
Current 

ICCOP 

Enable Supply 

Current 

ICCEN 

Data Retention 

Supply Current 

ICCDR 

Functional Test 

FT 



VCC = 5.5V, 

VI = GND or VCC 


VCC = 5.5V, E = VCC -0.3V 


HM-65162/883,10 = 0mA, 
VCC = 5.5V, E = VCC-0.3V 


HM-65162C/883,10 = 0mA, 
VCC = 5.5V, E = VCC - 0.3V 


E = 2.2V 


VCC = 5.5V, G = 5.5V, 

(Note 2),f= 1MHz, E = 0.8V 


VCC = 5.5V, lO = 0mA, 
E = 0.8V 


HM-65162B/883,10 = 0mA, 
VCC = 2.0V, E = VCC-0.3V 


HM-65162/883,10 = 0mA, 
VCC = 2.0V, E = VCC-0.3V 


HM-65162C/883,10 = 0mA, 
VCC = 2.0V, E = VCC - 0.3V 


VCC = 4.5V (Note 3) 


1. All voltages referenced to device GND. 

2. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 
TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time by 0.15ns per pF. 

3. TAVQV = TELQV + TAVEL. 


GROUP A 


1 LIMITS 1 


SUBGROUPS 

TEMPERATURE 

MIN 

MAX 

UNITS 

1,2,3 

-55°C<Ta<+125°C 

H 

- 

V 

1,2,3 

-55°C^Ta<+125°C 

- 

0.4 

■ 

1,2,3 

-55°C<Ta<+125°C 

-1.0 

1.0 

pA 

1,2,3 

-55°C<Ta^+125°C 

-1.0 

1.0 

pA 

1,2,3 

-55°C<Ta<+125°C 

- 

50 

i 

pA 

1,2.3 

-55°C<Ta<+125°C 

- 

100 

pA 

1,2,3 

-55°C^Ta^+125°C I 

- 

900 

pA 

1,2,3 

-55°C<Ta<+125°C 

- 

8 

mA 

1,2,3 

-55°C<1^<+125°C 

- 

70 

mA 

1,2,3 

-55°C<Ta<+125°C 

‘ 

70 

mA 

1,2,3 

-55°C<Ta<+125®C 

■ 

20 

pA 

1,2,3 

-55°C^Ta<+125®C 

- 

40 

pA 

1,2,3 

-55°C<Ta^+125°C 

- 

300 

pA 

7, 8A, 8B 

-55®C < Ta < +125°C 

- 

- 

i 
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Specifications HM-65162/883 


TABLE 2. HM-65162/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested. 







LIMITS 




(NOTES 1,2) 

CONDITIONS 

GROUPA 
SUB¬ 
GROUPS 

TEMPERA¬ 

TURE 

HM-65162B 
/883 

HM-65162 
/883 

HM-65162C 
/883 


PARAMETER 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

Read/Write/ 
Cycle Time 

(1) TAVAX 

VCC = 4.5V 
and 5.5V 

9, 10, 11 

-55°C^Ta < 
+125°C 

70 

- 

90 

- 

90 

• 

ns 

Address 

Access Time 

(2) TAVQV 

VCC = 4.5V 
and 5.5V 

9, 10, 11 

-55°C^Ta ^ 
+125°C 

- 

70 

- 

90 

- 

90 

ns 

Chip Enable 
Access Time 

(3) TELQV 

VCC = 4.5V 
and 5.5V 

9, 10, 11 

-55°C<Ta < 
+125°C 

- 

70 

- 

90 

- 

90 

ns 

Output Enable 
Access Time 

(5) TGLQV 

VCC = 4.5V 
and 5.5V 

9, 10, 11 

-55°C<Ta < 
+125°C 

- 

50 

- 

65 

- 

65 

ns 

Chip Selection 
to End of Write 

(11) TELWH 

VCC = 4.5V 
and 5.5V 

9. 10, 11 

-55°C<Ta < 
+125°C 

45 

- 

55 

- 

55 

- 

ns 

Address Setup 
Time 

(12) TAVWL 

VCC = 4.5V 
and 5.5V 

9, 10, 11 

-55°C<Ta < 
+125°C 

10 

- 

10 

■ 

10 

- 

ns 

Write Enable 
Pulse Write 

(13) TWLWH 

VCC = 4.5V 
and 5.5V 

9, 10, 11 

-55°C<Ta < 
+125°C 

40 

- 

55 

- 

55 

- 

ns 

Write Enable 
Read Setup 
Time 

(14) TWHAX 

VCC = 4.5V 
and 5.5V 

9, 10, 11 

-55°C<Ta < 
+125°C 

10 

■ 

10 

■ 

10 

■ 

ns 

Data Setup 

Time 

(17) TDVWH 

VCC = 4.5V 
and 5.5V 

9, 10, 11 

-55°C<Ta < 
+125°C 

30 

- 

30 

- 

30 

- 

ns 

Data Hold Time 

(18) TWHDX 

VCC = 4.5V 
and 5.5V 

9, 10, 11 

-55°C<Ta < 
+125°C 

10 

- 

15 

- 

15 

- 

ns 

Write Enable 
Pulse Setup 
Time 

(20) TWLEH 

VCC = 4.5V 
and 5.5V 

9, 10. 11 

-55°C<Ta < 
+125°C 

40 

■ 

55 

■ 

55 

■ 

ns 

Chip Enable 
Data Setup 

Time 

(21) TDVEH 

VCC = 4.5V 
and 5.5V 

9, 10, 11 

-55°C<Ta < 
+125°C 

30 

■ 

30 

■ 

30 

■ 

ns 

Address Valid 
to End of Write 

(22) TAVWH 

VCC = 4.5V 
and 5.5V 

9, 10. 11 

-55®C<Ta < 
+125°C 

50 

- 

65 

- 

65 

- 

ns 


NOTES; 

1. All voltages referenced to device GND. 

2. Input pulse levels' 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output bad. 1 TTL gate 
equivalent, CL = 50pF (min) - for CL greater than 50pF, access time Is derated by 0.15ns per pF. 

3. TAVQV = TELQV + TAVEL. 








































































































































Specifications HM-65162/883 


TABLE 3. HM-65162/883 ELECTRICAL PERFORMANCE CHARACTERISTICS, A.C. AND D.C. 




PARAMETERS SYMBOL 


Input CIN 

Capacitance 


I/O 

Capacitance 



Chip Enable to 
Output ON 

(4) 

TELQX 

Output Enable 
to Output ON 

(6) 

TGLQX 

Chip Enable 

High to Output 

In High Z 

(7) 

TEHQZ 

Output Disable 
to Output in 
HighZ 

(8) 

TGHQZ 

Output Hold 
from Address 
Change 

(9) 

TAVQX 

Write Enable to 
Output in High Z 

(16) 

TWLQZ 

Write Enable 

High to Output 
ON 

(19) 

TWHQX 

Output High 
Voltage 

VOH2 


CONDITIONS 


VCC = Open, 
F= 1MHz, All 
Measurements 
Referenced To 
Device Ground 


VCC = Open, 
F= 1MHz, All 
Measurements 
Referenced To 
Device Ground 


VCC = 4.5V and 


VCC = 4.5V and 


VCC = 4.5V and 


VCC = 4.5V and 


VCC = 4.5V and 


VCC = 4.5V and 


VCC = 4.5V and 


VCC = 4.5V, 
IO = -100pA 




-55°C<Ta< 

+125°C 


-55°C<Ta< 

+125°C 


-55®C<Ta< 

+125°C 


-55°C<Ta< 

+125°C 


-55°C<Ta< 

+125°C 


-55°C<Ta< VCC- 


- 

0 

- 

5 

- 

- 

5 

- 

5 


35 

■■■ 

50 


50 







1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 

2. Applies to DIP device types only. 

3. Applies to LCC device types only. 



CONFORMANCE GROUPS 


Initial Test 


Interim Test 


PDA 


Final Test 


Group A 


Groups C & D 


TABLE 4. APPLICABLE SUBGROUPS 


METHOD 


100%/5004 


100%/5004 


100V5004 


100%/5004 


Samples/5005 


Samples/5005 


SUBGROUPS 



2,3, 7, 8A, 88,10,11 
1,2,3, 7, 8A, 88, 9, 10, 11 
1,7,9 
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HM-65162/883 


Timing Waveforms 

READ CYCLE 



Addresses must_remain_ stable for the duration of the read low continuously until all desired locations are accessed, 

cycle. To read, G and E must be < VIL and W >_yiH. The When E Is low, addresses must be driven by stable logic 

output buffers can be controlled independently^by G while E levels and must not be in the high impedance state, 
is low. To execute consecutive read cycles, E may be tied 


WRITE CYCLE I 

ADDRESS 

E 

W 

Q 

D 



NOTE: G Is Low throughout Write Cycle 


To write, addresses must be stable, E low and W falling low 
for a period no shorter than TWLWH. Data in is referenced 
with the rising edge of W (TDVWH and TWHDX). While 
addresses are changing, W must be high. When W falls low, 
the I/O pins are still in the output state for a period of TWLQZ 


and input data of the opposite phase to tjie outputs must not 
be applied, (Bus contention). If E transitions low 
simultaneously with the W line transitioning low or after the 
W transition, the output will remain in a high impedance 
state. G is held continuously low. 










HM-65162/883 


Timing Waveforms (Continued) 


WRITE CYCLE II 


ADDRESS 


TAVWH'“'- 


TAVWLl'^U>fe- TWLWH 

n3i 


^TDVEH ^ 

(211 




/ - 

v._ 

\ 

/ 




- TWHDX 


In this write cycle G has control of the output after a period, 
TGHQZ. G switching the output to a high impedance state 
allows data in to be applied without bus contention after 


TGHQZ. When W transitions high, the data in can change 
after TWHDX to complete the write cycle. 


Low Voltage Data Retention 

Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules Insure data retention: 


1. Chip Enable (E) must be held high during data retention; within 
VCC - 0.3V to VCC + 0.3V. 

2. On RAMs which have selects or output enables (e.g., S, G), one 
of the selects or output enables should be held In the deselected 
state to keep the RAM outputs high impedance, minimizing 
power dissipation. 


3. Inputs which are to be held high (e.g., E) must be kept between 
VCC + 0.3V and 70% of VCC during the power up and down 
transitions. 

4. The RAM can begin operation > 55ns after VCC reaches the min¬ 
imum operating voltage (4.5 volts). 



DATA RETENTION TIMING 


DATA 

RETENTION 
- TIMING - 


VCC-0.3V TO VCC +0.3V 
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HM-65162/883 


Test Circuit 


‘ TEST HEAD 
CAPACITANCE. 
INCLUDES STRAY 
AND JIG CAPACITANCE 


Burn~in Circuits 

HM-65162/B83 CERAMIC DIP 



HM-65162/883 CERAMIC LCC 



F11 V 

f 



F12 




FI 



/ — 


F9-V 


]i] 

FO 

F8^ 

^ AS 

’?] 

F13 

V 

^ A4 



F7-V 


7 ] 

FO 

F6-V 

W-^ 

a ] 

F2 

F5-V 


>1] 

F2 

F4-V 

^ A1 


F2 

F3-V 

^ AO 

iij 

F2 


NC 


F2 

F2-V 


51^ 


O O O o o o 

< z z z > z z 

. I I I . — y — I I . . I I. I I I 

liJ 13J 12J 11J t32s *31; aq* 


r—1 r—1 r—% r-n r—i p—i 

§81 -888 


NOTES: 

All resistors 47kW ±5% 

F0 = 100kHz ±10% 

FI = FO + 2, F2 = FI + 2, F3 = F2 + 2 ... FI 3 = F12 + 2 
VCC = 5.5V ±0.5V 
VIH = 4.5V ±10% 

VIL = -0.2VtO+0.4V 
C = 0.01nF Min. 


NOTES: 

All resistors 47kW ±5% 

F0= 100kHz ±10% 

FI =F0 + 2,F2 = F1+2, F3 = F2 + 2...F13 = F12 + 2 
VCC = 5.5V ±0.5V 
VIH = 4.5V±10% 

VIL = -0.2Vto+0.4V 
C = 0.01^F Min. 
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HM-65162/883 


Metallization Topology 

DIE DIMENSIONS: 

186.2x200.1 x19±1mils 

METALLIZATION: 

Type: Si - Al 
Thickness: 11 kA ± 2kA 

GLASSIVATION: 

Type: SiOg 

Thickness: 8kA ± 1 kA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 

1.7x10®A/cm2 


Metallization Mask Layout 

HM-65162/883 


A3 A4 A5 A6 A7 VCC A8 A9 W G 



DQO DQ1 DQ2 GND DQ3 DQ4 DQ5 DQ6 
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HM-65162/883 


Packaging 


24 PIN CERAMIC DIP 



1 .535 1 

r 

1 







LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M38510 


■ INCREASE MAX UMIT BY 003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T24 


32 PAD CERAMIC LCC 



LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, C(XC1 •N32 

MATERIALS: Compliant to MlL>M38510 


NOTE: All Dimensions are , Dimensions are in inches. 
Max 
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SEMICONDUCTOR 


HM-65262 


January 1992 


Features 

• Fast Access Time.70y85ns Max 

• Low Standby Current.SOpA Max 

• Low Operating Current.50mA Max 

• Data Retention at 2.0 Volts.20pA Max 

• TTL Compatible Inputs and Outputs 

• JEDEC Approved Pinout 

• No Clocks or Strobes Required 

• Temperature Range.+ 55®C to +125®C 

• Equal Cycle and Access Time 

• Single 5 Volt Supply 

• Gated Inputs-No Pull-Up or Pull-Down Resistors Required 

Description 

The HM-65262 is a CMOS 16384 x 1 bit Static Random Access Memory manufactured using the Har¬ 
ris Advanced SAJI V process. The device utilizes asynchronous circuit design for fast cycle times and 
ease of use. The HM-65262 is available in both JEDEC standard 20 pin, 0.300 inch wide DIP and 20 
pad LCC packages, providing high board-level packing density. Gated inputs lower standby current, 
and also elminate the need for pull-up or pull-down resistors. 

The HM-65262, a full CMOS RAM, utilizes an array of six transistor (6T) memory cells for the most stable 
and lowest possible standby supply current over the full military temperature range. In addition to this, the 
high stability of the 6T RAM cell provides excellent protection against soft errors due to noise and alpha par¬ 
ticles. This stability also improves the radiatbn tolerance of the RAM over that of four transistor (4T) devices. 


16K X1 Asynchronous 
CMOS Static RAM 


Functionai Diagram 


A^ 


ROW 7 ROW 

128 

ADDRESS DECODER 

BUFFER (1 OF 128) 


^7 



MEMORY ARRAY 
128X128 


COLUMN DECODER 
(1 OF 128) 

AND I/O CIRCUITRY 


COLUMN 

ADDRESS BUFFERS 


Ordering information 


PACKAGE 

Ceramic DIP 
/883** 
JAN# 
SMD# 

Tcc 

/883** 

JAN# 

SMD# 


TEMP. RANGE 

-40°C to +85°C 
-55°C to +125‘'C 


-4(y^C to -i-85°C 
-55°C to +125°C 


70ns/20pA* 

HM1-65262B-9 

HM1-65262B/883 

29109BRA 

8413203RA 

HM4-65262B-9 

HM4-65262B/883 

29109BYA 

8413203YA 


UUl 


*85ns/20pA* 
HM1-65262-9 
HM1-65262/883 
29103BRA 
8413201RA 
HM4-65262-9 
HM4-65262/883“ 
29103BYA 
8413201YA 


*85ns/400pA* 

HM1-65262C-9 


HM4-65262C-9 


Pinouts 

20 LEAD DIP 

TOP VIEW 



20 LEAD LCC 
TOP VIEW 

^ ^ ^ g < 

A3 [{] [{S A12 

A4 "il iTf All 



|9;po!Pi{ti2ip3; 
0\Ui Q ^ 


A0-A13 

Address Input 

E 

Chip Enable/ 
Power Down 

Q 

Data Out 

D 

Data In 

VSS/ 

GND 

Ground 

VCC 

Power (+5) 

W 

Write Enable 



* Access Time/Data Retention Supply Current 

** Respective /883 specifications are included at the end of this data sheet. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follovir proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 « 1 cq 
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Specifications HM-65262 


"jc 

13°C/W 

40°C/W 


Absolute Maximum Ratings 

Supply Voltage.+7.0V 

Input or Output Voltage Applied for all grades.>0.3V to VCC+0.3V 

Storage Temperature Range.-65®C to +150°C 

Junction Temperature.+175°C 

Lead Temperature (Soldering 10s).+300°C 

Typical Derating Factor.SmA/MHz Increase in ICCOP 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress oniy rating and operation 
of the device at these or any other conditions above those indicated in the operationai sections of this specification is not implied. 


Reliability Information 

Thermal Resistance. 0ja 

Ceramic DIP Package. 66°C/W 

Ceramic LCC Package. 85°C/W 

Maximum Package Power Dissipation at 4-125'^C 

Ceramic DIP Package.0.75W 

Gate Count.26256 Gates 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Operating Temperature Range 

HM-65262B-9, HM-65262-9, HM-65262C-9.-40®C to +85®C 


DC Electrical Specifications VCC = 5V ± 10%; T^ = -40°C to +85°C (HM-65262B-9, HM-65262-9, HM-65262C-9) 


SYMBOL 

PARAMETER 

LIMITS 

UNITS 

TEST CONDITIONS 

MIN 

MAX 

ICCSB1 

Standby Supply Current 

- 

50 

pA 

HM-65262B-9, HM-65262-9,10 = 0mA, 

E = VCC - 0.3V, VCC = 5.5V 

- 

900 

pA 

HM-65262C-9,10 = 0mA, 

E = VCC - 0.3V, VCC = 5.5V 

ICCSB 

Standby Supply Current 

- 

5 

mA 

■iiiiiiiiriiiiiiiiiiiiM 

ICCEN 

Enabled Supply Current 

- 

50 

mA 

E = 0.8V, 10 = 0mA, VCC = 5.5V 

ICCOP 

Operating Supply Current (Note 1) 

- 

50 

mA 

E = 0.8V, lO = 0mA, f = 1MHz, 

VCC = 5.5V 

ICCDR 

Data Retention Supply Current 


20 

pA 

HM-65262B-9, HM-65262-9, 

VCC = 2.0V, E = VCC 

- 

400 

pA 


ICCDR1 

Data Retention Supply Current 

- 

30 

pA 

HM-65262B-9, HM-65262-9, 

VCC = 3.0V, E = VCC 

* 

550 

pA 

HM-65262C-9, VCC = 3.0V, E = VCC 

VCCDR 

Data Retention Supply Voltage 

2.0 

- 

V 


II 

Input Leakage Current 

-1.0 

+1.0 

pA 

VI = VCC or GND, VCC = 5.5V 

lOZ 

Output Leakage Current 

-1.0 

+1.0 

pA 

VIO = VCC or GND, VCC = 5.5V 

VIL 

Input Low Voltage 

-0.3 

0.8 

V 

VCC = 4.5V 

VIH 

input High Voltage 

2.2 

VCC+0.3 

V 

VCC = 5.5V 

VOL 

Output Low Voltage 

- 

0.4 

V 

10 = 8.0mA, VCC = 4.5V 

VOH1 

Output High Voltage 

2.4 

■ 

V 

10 = -4.0mA, VCC = 4.5V 

VOH2 

Output High Voltage (Note 2) 

VCC-0.4 


V 

IO = -100pA,VCC = 4.5V 


Capacitance Ta = + 25 °c 


SYMBOL 

PARAMETER 

MAX 

UNITS 

TEST CONDITIONS 

Cl 

Input Capacitance (Note 2) 

10 

pF 

f = 1 MHz, All measurements are 
referenced to device GND 

CIO 

Input/Output Capacitance (Note 2) 

12 

PF 


NOTES: 1. Typical derating SmA/MHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM-65262 


AC Electrical Specifications vcc = sv io%, ta = - 40 oc to + 85 oc (hm-65262B-9, hm-65262-9. hm-65262C-9) 


LIMITS 


HM-65262B-9 I HM-65262-9 | HM-65262C-9 


MAX I MIN MAX I MIN MAX 


SYMBOL 

1 - 

PARAMETER 

READ CYCLE 

(1) TAVAX 

Read/Cycle Time 

(2) TAVQV 

Address Access Time 

(3) TELQV 

Chip Enable Access Time 

(4) TELQX 

Chip Enable Output Enable 
Time 

(5) TEHQX 

Chip Disable Output Hold 
Time 

(6) TAXQX 

Address Invalid Output Hold 
Time 

(7) TEHQZ 

Chip Enable Output Disable 
Time 

WRITE CYCLE 

(8) TAVAX 

Write Cycle Time 

(9) TELWH 

Chip Selection to End of 

Write 

(10) TWLWH 

Write Enable Pulse Width 

(11) TAVWL 

Address Setup Time 

(12) TWHAX 

Address Hold Time 

(13) TDVWH 

Data Setup Time 

(14) TWHDX 

Data Hold Time 

(15) TWLOZ 

Write Enable Output Disable 
Time 

(16) TWHQX 

Write Disable Output Enable 
Time 

(17) TAVWH 

Address Valid to End of Write 

(18) TAVEL 

Address Setup Time 

(19) TEHAX 

Address Hold Time 

(20) TAVEH 

Address Valid to End of Write 

(21) TELEH 

Enable Pulse Width 

(22) TWLEH 

Write Enable Pulse Setup 
Time 

(23) TDVEH 

Chip Setup Time 

(24) TEHDX 

Data Hold Time 



TEST 

UNITS CONDITIONS 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 2,3) 


(Notes 2, 3) 


(Notes 2, 3) 


(Notes 2, 3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 2,3) 


(Notes 2,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 


(Notes 1,3) 



1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: ITTLgate 
equivalent and CL = 50pF (mm) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2 Tested at initial design and after major design changes 
3. VCC = 4 5 and 5 5V. 
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HM-65262 


Timing Waveforms 

READ CYCLE 1: CONTROLLED BY E 



NOTE: W is higMor entire cycle and D is Ignored, ^dress is stable by 
the time E goes low and remains valid until E goes high. 


READ CYCLE 2: CONTROLLED BY ADDRESS 



TAVQV 


** (2) 






NOTE: W IS high for the entire cycle and D is ignored. E is stable prior 
to A becoming valid and after A becomes invalid. 


WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE) 


TAVWH (17) 
TELWH 19) 


TWHAX (12) 


TWLWH 110) 


TDVWH 113) 


TWHDX 114) 


NOTE: In this mode, E rjses after W. The address must remain stable 
when- ever both E and W are low. 
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HM-65262 


Timing Waveforms (Continued) 

WRtTE CYCLE 2: CONTROLLED BY I (EARLY WRITE) 



^ TWLEH 1*^ 


T22)" 


S 






NOTE: In this mode, W rises after E. If W falls before E by a time 
exceeding TWLQZ (Max) TELQX (Min), and rises after E by a 
time exceeding TEHQZ (Max)-TWHQZ (Min), then Q will 
remain in the high impedance state throughout the cycle. 


Low Voitage Data Retention 

Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 


1. Chip Enable (E) must be held high during data retention; 
within VCC to VCC + 0.3V. 

2. On RAMs which have selects or output enables (e.g., S, 
G), one of the selects or output enables should be held in 
the deselected state to keep the RAM outputs high 
impedance, minimizing power dissipation. 


3. Inputs which are to be held high (e.g., E) must be kept 
between VCC + 0.3V and 70% of VCC during the power 
up and down transitions. 

4. The RAM can begin operation > 55ns after VCC reaches 
the minimum operating voltage (4.5 volts). 



DATA RETENTION TIMING 
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SEMICONDUCTOR 


HM-65262/883 


January 1992 


16K X1 Asynchronous 
CMOS Static RAM 


Features 

• This Circuit is Processed in Accordance to Mii-Std-883 and is 
Fuiiy Conformant Under the Provisions of Paragraph 1.2.1. 

• Fast Access Time.70/85ns Max 

• Low Standby Current.50 mA Max 

• Low Operating Current.50mA Max 

• Data Retention at 2.0 Volts.20^A Max 

• TTL Compatible Inputs and Outputs 

• JEDEC Approved Pinout 

• No Clocks or Strobes Required 

• Temperature Range.+ 55®C to +125®C 

• Equal Cycle and Access Time 

• Single 5 Volt Supply 

• Gated Inputs-No Pull-Up or Pull-Down Resistors Required 

Description 

The HM-65262/883 is a CMOS 16384 x 1 bit Static Random Access 
Memory manufactured using the Harris Advanced S/UI V process. The 
device utilizes asynchronous circuit design for fast cycle times and ease 
of use. The HM-65262/883 is available in both JEDEC standard 20 pin, 
0.300 inch wide DIP and 20 pad LCC packages, providing high board- 
level packing density. Gated inputs lower standby current, and also elmi- 
nate the need for pull-up or pull-down resistors. 

The HM-65262/883, a full CMOS RAM, utilizes an array of six transistor 
(6T) memory cells for the most stable and lowest possible standby sup¬ 
ply current over the full military temperature range. In addition to this, the 
high stability of the 6T RAM cell provides excellent protection against soft 
errors due to noise and alpha particles. This stability also Improves the 
radiation tolerance of the RAM over that of four transistor (4T) devices. 


Functional Diagram 


Pinouts 

HM1-65262/883 (CERAMIC DIP) 
TOP VIEW 



HM4-65262/883 (CERAMIC LCC) 
TOP VIEW 

5! 5 5 g 5 


t9itioiniin2{g3i 

1^ Q lui Q ^ 

o 



A. 



ROW 


ROW 


ADDRESS 


DECODER 

128 

BUFFER 

A^ 

(1 OF 128) 







CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 c 17 c 
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Specifications HM-65262/883 


Absolute Maximum Ratings 


Reiiability information 


Supply Voltage.+7.0V Thermal Resistance. 0ja 0jc 

Input or Output VoltageApplied for all grades.-O.SV to VCC+0.3V Ceramic DIP Package. 66°C/W 13°C/W 

Storage Temperature Range.-65°C to+150°C Ceramic LCC Package. 85°C/W 40°C/W 

Junction Temperature.+175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s).+300°C Ceramic DIP Package.0.75W 

Typical Derating Factor.5mA/MHz Increase in ICCOP Gate Count.26256 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings* may cause permanent damage to the device This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range. 

Operating Temperature Range. 
Input Low Voltage. 


.. +4.5V to +5.5V Input High Voltage (VIH).-+2.2V to VCC 

. -55°C to +125°C Data Retention Supply Voltage.2.0V to 4.5V 

.OV to +0.8V Input Rise and Fall Time.40ns Max. 


TABLE 1. HM-65262/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 


D.C. PARAMETER 


High Level Output VoHage 


Low Level Output Voltage 


High Impedance Output 
Leakage Current 


Input Leakage Current 


Standby Supply Current 


Standby Supply Current 


Operating Supply 
Current 


Data Retention Supply 
Current 


Enable Supply Current 


Functional Test 


SYMBOL 


VOH1 


VOL 


lOZ 


(NOTE 1) 

CONDITIONS 


VCC = 4.5V, lO = -4.0mA 


VCC = 4.5V, 10 = 8.0mA 


GROUP A 
SUB-GROUPS 



1.2,3 


7, 8A, 8B 


TEMPERATURE 


-55°C<Ta<+125°C 


-55°C<Ta<+125°C 


-55°C<T;^<+125°C 


-55°C<Ta<+125°C 


-55°C<Ta<+125°C 


-55°C<Ta<+125°C 


-55°C<Ta<+125°C 


-55°C<Ta<+125°C 


-550C<Ta<+125°C 


-550C<Ta<+125°C 


VCC = 4.5V (Note 3) 


NOTES: 

1. All voltages referenced to device GND. 

2. Typical derating 1.5mA/MHz Increase in ICCOP. 

3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, lOH = -4 0mA, lOL = 4.0mA, VOH > 1.5V, and VOL < 1.5V. 



mA 


50 mA 



TABLE 2. 

Device Guaranteed and 100% Tested 


HM.65262/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


A.C. PARAMETERS 

SYMBOL 

(NOTES 1,2) 

CONDITIONS 

GROUP A 
SUB¬ 
GROUPS 

TEMPERA¬ 

TURE 

Read/Wnte/Cycle 

Time 

(1) TAVAX 

VCC = 4 5V and 5 5V 

9, 10, 11 

-55°C<Ta<+125°C 

Address Access Time 

(2) TAVQV 

VCC = 4 5V and 5 5V 

9, 10, 11 

-55°C<Ta<-i-125°C 

Chip Enable to End of 
Write 

(3) TELWH 

VCC = 4.5V and 5 5V 

9, 10, 11 

-55°C<Ta<-i-125°C 

Chip Enable Access 
Time 

(4) TELQV 

VCC = 4 5V and 5.5V 

9. 10, 11 

-55°C<Ta<+125°C 

Address Hold Time 

(5) TWHAX 

VCC = 4 5V and 5 5V 

9, 10, 11 

-55°C<Ta<+125°C 

Address Setup Time 

(6) TAVWL 

VCC = 4.5V and 5.5V 

9, 10, 11 

-55°C<Ta<+125°C 

Address Valid to End 
of Write 

(7) TAVWH 

VCC = 4 5V and 5 5V 

9, 10, 11 

-55°C<Ta<+125°C 

Address Setup Time 

(8) TAVEL 

VCC = 4.5V and 5 5V 

9, 10, 11 

-55°C<Ta<+125°C 

Address Hold Time 

(9) TEHAX 

VCC = 4 5V and 5.5V 

9,10,11 

-55°C<Ta<+125°C 

Address Valid to End 

(10) TAVEH 

VCC = 4 5V and 5 5V 

9, 10, 11 

-550C<Ta<+1250C 


HM-65262B/883 I HM-65262/883 
LIMITS I LIMITS 


MAX I UNITS 


CAUTION: These devices are sensitive to electronic discharge Proper 1C handling procedures should be followed. 
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Specifications HM-65262/883 


TABLE 2. HM-65262/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 

Device Guaranteed and 100% Tested 


(NOTES 1,2) 

A.C. PARAMETERS SYMBOL CONDITIONS 


Write Enable Pulse (11) TWLWH VCC = 4.5V and 5.5V 
Write 


Data Setup Tinie (12) TDVWH VCC = 4 5V and 5.5V 


Data Hold Tinne (13) TWHDX VCC = 4.5V and 5.5V 


Enable Pulse Width (14) TELEH VCC = 4 5V and 5.5V 


Write to End of Write (15) TWLEH VCC = 4.5V and 5.5V 


Data Setup Time (16) TDVEH VCC = 4.5V and 5.5V 


Data Hold Time (17) TEHDX VCC = 4.5V and 5 5V 


GROUP A 
SUB¬ 
GROUPS 



TEMPERA¬ 

TURE 


-55°C^Ta^+125°C 


-55°C<Ta<+125°C 


-55°C^Ta<+125®C 


-55°C^Ta^+125°C 


-55°C<Ta^+125°C 


-55°C^Ta<+125°C 


-55°C<Ta^+125®C 


HM-65262By883 

LIMITS 


HM-65262/883 

LIMITS 



NOTES: 

1. All voltages referenced to device GND. 

2. Input pulse levels 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns F>er pF. 

3. TAVQV = TELQV + TAVEL. 

TABLE 3. HM-65262/883 ELECTRICAL PERFORMANCE CHARACTERISTICS, A.C. AND D.C. 


I LIMITS 

TEMPERATURE 






(NOTE 1) 

PARAMETERS 

SYMBOL 

CONDITIONS 

Input Capacitance 

CIN 

VCC = Open. f = 1MHz, All 
Measurements Referenced To 
Device Grounds 



VCC = Open. f = 1MHz, All 
Measurements Referenced To 
Device Grounds 

Output Capacitance 

CO 

VCC = Open, f = 1MHz, All 


Write Enable to Output in High Z 


Write Enable High to Output ON 


Chip Enable to Output ON 


Output Enable High to Output in 
High Z 


Chip Disable to Output Hold Time I (2^ TEHQX 


Address Invalid Output Hold Time (23) TAXQX 


High Level Output Voltage 


Measurements Referenced To 
Device Grounds 


VCC = Open, f= 1MHz, All 
Measurements Referenced To 
Device Grounds 


(18) TWLQZ VCC = 4.5V and 5.5V 


(19) TWHQX VCC = 4.5V and 5.5V 


(20) TELQX VCC = 4.5V and 5.5V 


VCC = 4.5 V and 5.5 V 


(21) TEHQZ 


VCC = 4.5V and 5.5V 


VCC = 4.5V and 5.5V 


VCC = 4 5V, 10 =-100mA 



NOTES: 

1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design release and upon design changes which would affect these characteristics. 

2. Applies to DIP device types only. 

3. Applies to LCC device types only. 



CONFORMANCE 

GROUPS 


Initial Test 


Interim Test 


PDA 


Final Test 


Group A 


Groups C & D 


TABLE 4. APPLICABLE SUBGROUPS 


METHOD 


100V5004 


100%/5004 


100V5004 


100%/5004 


Samples/5005 


Samples/5005 



2, 3, 8A, 8B, 10,11 


1,2, 3,7,8A, 8B, 9,10, 11 


1.7,9 



CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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HM-65262/883 


Timing Waveforms 


READ CYCLE 1: CONTROLLED BY E 



NOTE: W is highjor entire cycle and D is ignored. Z^dress is stable by 
the time E goes low and remains valid until E goes high. 


READ CYCLE 2: CONTROLLED BY ADDRESS 



NOTE: In this mode, E rjses after W. The address must remain stable 
when- ever both E and W are low. 
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HM-65262/883 


Timing Waveforms (Continued) 

WRITE CYCLE 2: CONTROLLED BY I (EARLY WRITE) 



NOTE: In this mode, W rises after E. If W falls before E by a time 
exceeding TWLQZ (Max) TELQX (Min), and rises after E by a 
time exceeding TEHQZ (Max)-TWHQZ (Min), then Q will 
remain in the high impedance state throughout the cycle. 

Low Voitage Data Retention 

Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 

over temperature. The following rules insure data retention; 

1. Chip Enable (E) must be held high during data retention; 3. Inputs which are to be held high (e.g., E) must be kept 

within VCC to VCC + 0.3V. between VCC + 0.3V and 70% of VCC during the power 

U-I.I- I* XX i_i / ^ up and down transitions. 

2. On RAMs which have selects or output enables (e.g., S, 

G), one of the selects or output enables should be held in 4. The RAM can begin operation > 55ns after VCC reaches 
the deselected state to keep the RAM outputs high the minimum operating voltage (4.5 volts), 
impedance, minimizing power dissipation. 

DATA RETENTION TIMING 
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HM-65262/883 


Test Circuit 



Burn-In Circuits 

HM-65262/883 CERAMIC DIP HM-6S262/883 CERAMIC LCC 



NOTES: 

All resistors 47kQ ±5% 

FO = 100kHz ±10% 

FI = FO 2, F2 = FI + 2, F3 = F2 + 2 ... F13 = F12 + 2 

VCC=:5.5V±0.5V 

VIH = 4.5V ±10% 

VIL=-0.2Vto+0.4V 
C = 0.01nF Min. 


NOTES: 

All resistors 47kO ±5% 

FO = 100kHz ±10% 

FI = FO + 2, F2 = FI + 2, F3 = F2 + 2 ... FI 3 = FI 2 + 2 
VCC = 5.5V±0.5V 
VIH = 4.5V±10% 

VIL = -0.2Vto+0.4V 
C = 0.01^F Min. 











HM-65262/883 


Metallization Topology 

DIE di:«>:ensions: 

186.2 X 200.1 X 19± Imils 

METALLIZATION: 

Type: Si - Al 
Thickness: 11kA±2kA 

GLASSIVATION: 

Type: Si02 

Thickness: 8kA± IkA 

DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 

1.2x 10^A/cm2 


Metallization Mask Layout 

HM-65262/883 


A2 A1 AO VCC A13 A12 



Q W GND E D A7 
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HM-65262/883 


Packaging 


20 PIN CERAMIC DIP 


.940 




LEAD FINISH: Type A 
MATERIALS: Compliant to Ml L-M38510 


• INCREASE MAX UMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER RNISH 


COMPLIANT OUTLINE: MIL.STD-1835, GDIP1-T20 


20 PAD CERAMIC LCC 



.064 
083 “ 




.022 

028 


•420 

.440 


074 

.095 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, C(XC1-N20 

MATERIALS: Compliant to MlL-M38510 


NOTE: All Dimensions are -, Dimensions are in inches. 

Max 
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SEMICONDUCTOR 


HM-65642 


January 1992 


8K X 8 Asynchronous 
CMOS Static RAM 


Features 

• Full CMOS Design 

• Six Transistor Memory Cell 

• Low Standby Supply Current.. 

• Low Operating Supply Current. 

• Fast Address Access Time.. 

• Low Data Retention Supply Voltage.. 

• CMOS/TTL Compatible Inputs/Outputs 

• JEDEC Approved Pinout 

• Equal Cycle and Access Times 

• No Clocks or Strobes Required 

• Gated Inputs 

- No Pull-Up or Pull-Down Resistors Required 

• Easy Microprocessor interfacing 

• Dual Chip Enable Control 


Description 

The HM-65642 is a CMOS 8192 x 8-bit Static Random Access 
MenK)ry. The pinout is the JEDEC 28 pin, 8-bit wide standard, which 
aiiows easy memory board layouts which accommodate a variety of 
industry standard ROM. PROM. EPROM. EEPROM and RAMs. The 
HM-65642 is ideally suited for use in microprocessor based 
systems, in particular, interfacing with the Harris 80C86 and 80C]^8 
microprocessors is simplified by the convenient output enable (G) 
input. 

The HM-65642 is a full CMOS RAM which utilizes an array of six 
transistor (6T) memory cells for the most stable and lowest possible 
standby supply current over the full military temperature range. In 
addition to this, the high stability of the 6T RAM ceil provides excel¬ 
lent protection against soft errors due to noise and alpha particles. 
This stability also improves the radiation tolerance of the RAM over 
that of four transistor or MIX-MOS (4T) devices. 


Ordering Information 



TEMPERATURE RANGE 


-40°C to +85°C 


-55°C to +125®C 


-55°C to +125°C 


*150nsA75pA 


HM1-65642B/883 


29205BXA 


PACKAGE 


Ceramic DIP 
*7883 
JAN# 
SMD# 


LCC, /883** 
JAN# 
SMD# 


Access Time/Data Retention Supply Current 
* Respective /883 specifications are Included at the end of this data sheet. 


M50ns/150pA 


HM1-65642-9 


HM1-65642/883 


*200ns/250pA 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 c 1 oa 
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Specifications HM-65642-9 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage.+7.0V Thermal Resistance . 


Input or Output Voltage Applied for all grades . 


. GND-0.3V to 


Ceramic DIP Package. 45°C/W 


VCC+0.3V Maximum Package Power Dissipation at +125°C 


Storage Temperature Range.-65°C to +150°C Ceramic DIP Package.1.1 W 

Junction Temperature.+175°C Gate Count. 101,000 Gates 

Lead Temperature (Soldering 10s).+300°C 

Typical Derating Factor.5mA/MHz Increase In ICCOP 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the (^erational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.44.5V to +5.5V Input Low Voltage.-0.3V to +0.8V 

Operating Temperature Range Input High Voltage.+2.2V to VCC +0.3V 

HM-65642-9 .-40°C to 4-85°C 


DC Electrical Specifications vcc = 5V ± io%; Ta = - 40 °c to + 85 °c (hm-65642-9) 


LIMITS 

PARAMETER MIN 


Standby Supply Current (CMOS) 


Standby Supply Current (TTL) 


Data Retention Supply Current 


Enabled Supply Current 


Operating Supply Current (Note 1) 


Input Leakage Current 


Input/Output Leakage Current 


Data Retention Supply Voltage 


Output High Voltage 


Output High Voltage (Note 2) 


Output Low Voltage 


SYMBOL 


ICCSB1 


ICCSB2 


ICCDR 


ICCEN 



MAX 

UNITS 

TEST CONDITIONS 

250 

pA 

E2 = GND, VCC = 5.5V 

5 

mA 

E2 = 0.8V or eT = 2.2V, VCC = 5.5V 

150 

pA 

E2 = GND, VCC = 2.0V 

5 

mA 

E2 = 2.2V, IT = 0.8V, VCC = 5.5V, 
no = 0mA 

20 

mA 

f = 1MHz, IT = 0.8V, E2 = 2.2V, 

VCC = 5.5V, no = 0mA 

4-1.0 

pA 

VI = VCC or GND, VCC = 5.5V 

4-1.0 

pA 

E2 = GND, VIO = VCC or GND, 

VCC = 5.5V 




Capacitance Ta = + 25 °c 


SYMBOL 

PARAMETER 

MAX 

UNITS 

Cl 

Input Capacitance (Note 2) 

12 

PF 

CIO 

input/Output Capacitance (Note 2) 

14 

PF 


lOH =-1.0mA, vcc = 4.5V 


lOH = -lOOpA, VCC = 4.5V 


lOL = 4.0mA, VCC = 4.5V 


TEST CONDITIONS 


f = 1MHz, All measurements are 
referenced to device GND 


1. Typical derating 5mA/MHz increase In ICCOP. 

2. Tested at initial design and after major design changes. 
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Specifications HM-65642-9 


AC Electrical Specifications vcc = 5V ± io%; = - 40 °c to + 85 °c (hm-65642-9) 


SYMBOL 

PARAMETER 

LIMITS 

UNITS 

TEST 

CONDITIONS 

MIN 

MAX 

READ CYCLE 

(1) TAVAX 

Read Cycle Time 

150 

- 

ns 

(Notes 1,3) 

(2) TAVQV 

Address Access Time 

- 

150 

ns 

(Notes 1.3) 

(3) TE1LQV 

Chip Enable Access Time 

El 

- 

150 

ns 

(Notes 2,3) 

(4) TE2HQV 

Chip Enable Access Time 

E2 

- 

iimii[ii 

ns 

(Notes 1,3) 

(5) TGLQV 

Output Enable Access Time 

- 

Hi 

ns 

(Notes 1.3) 

(6) TE1LQX 

Chip Enable Valid to Output On 

El 

10 

- 

ns 

(Notes 2,3) 

(7) TE2HQX 

Chip Enable Valid to Output On 

E2 

10 

- 

ns 

(Notes 2,3) 

(8) TGLQX 

Output Enable Valid to Output On 

5 

- 

ns 

(Notes 2,3) 

(9) TE1HQZ 

Chip Enable Not Valid to Output Off 

El 

- 

50 

ns 

(Notes 2,3) 

(10) TE2LQZ 

Chip Enable Not Valid to Output Off 

E2 

• 

60 

ns 

(Notes 2,3) 

(11) TGHQZ 

Output Enable Not Valid to Output Off 

- 

50 

ns 

(Notes 2, 3) 

(12) TAXQX 

Output Hold From Address Change 

10 

- 

ns 

(Notes 2, 3) 

WRITE CYCLE 

(13) TAVAX 

Write Cycle Time 

150 

- 

ns 

(Notes 1,3) 

(14) TWLWH 

Write Pulse Width 

90 


ns 

(Notes 1,3) 

(15) TE1LE1H 

Chip Enable to End of Write 

El 

90 


ns 

(Notes 1,3) 

(16) TE2HE2L 

Chip Enable to End of Write 

E2 

90 


ns 

(Notes 1,3) 

(17) TAVWL 

Address Setup Time 

Late Write 

0 


ns 

(Notes 1,3) 

(18) TAVE1L 

Address Setup Time 

Early Write 

El 

0 


ns 

(Notes 1,3) 

(19) TAVE2H 

Address Setup Time 

Early Write 

E2 

0 


ns 

(Notes 1,3) 

(20) TWHAX 

Write Recovery Time 

Late Write 

10 


ns 

(Notes 1,3) 

(21) TE1HAX 

Write Recovery Time 

Early Write 

El 

10 


ns 

(Notes 1,3) 

(22) TE2LAX 

Write Recovery Time 

Early Write 

E2 

10 


ns 

(Notes 1,3) 

(23) TDVWH 

Data Setup Time 

Late Write 

60 


ns 

(Notes 1,3) 

(24) TDVE1H 

Data Setup Time 

Early Write 

El 

60 



(Notes 1,3) 

(25) TDVE2L 

Data Setup Time 

Early Write 

E2 

60 


ns 

(Notes 1,3) 

(26) TWHDX 

Data Hold Time 

Late Write 

5 


ns 

(Notes 1,3) 

(27) TE1HDX 

Data Hold Time 

Early Write 

El 

10 


ns 

(Notes 1,3) 

(28) TE2LDX 

Data Hold Time 

Early Write 

E2 

10 


ns 

(Notes 1,3) 

(29) TWLQZ 

Write Enable Low to Output Off 

- 

50 

ns 

(Notes 2.3) 

(30) TWHQX 

Write Enable High to Output On 

5 

- 

ns 

(Notes 2,3) 


NOTES: 

1. Input pulse levels: OV to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 
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SEMICONDUCTOR 


HM-65642/883 


January 1992 


8K X 8 Asynchronous 
CMOS Static RAM 


Features 

• This Circuit is Processed in Accordance to Mii-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• Full CMOS Design 

• Six Transistor Memory Cell 

• Low Standby Supply Current.lOOiaA 

• Low Operating Supply Current.20mA 

• Fast Address Access Time.150ns 

• Low Data Retention Supply Voltage.2.0V 

• CMOS/TTL Compatible Inputs/Outputs 

• JED EC Approved Pinout 

• Equal Cycle and Access Times 

• No Clocks or Strobes Required 

• Gated inputs 

- No Pull-Up or Pull-Down Resistors Required 

• Temperature Range -55^C to •l•125^C 

• Easy Microprocessor Interfacing 

• Dual Chip Enable Control 


Description 

The HM-65642/883 is a CMOS 8192 x 8-bit Static Random 
Access Memory. The pinout is the JEDEC 28 pin, 8-bit wide 
standard, which allows easy memory board layouts which 
accommodate a variety of industry standard ROM, PROM, 
EPROM, EEPROM and RAMs. The HM-65642/883 is ideally 
suited for use In microprocessor based systems. In particu¬ 
lar, interfacing with the Harris 80086 and 80C88 micropro¬ 
cessors Is simplified by the convenient output enable (G) 
Input. 

The HM-65642/883 Is a full CMOS RAM which utilizes an 
array of six transistor {6T) memory cells for the most stable 
and lowest possible standby supply current over the full mili¬ 
tary temperature range, in addition to this, the high stability 
of the 6T RAM cell provides excellent protection against soft 
errors due to noise and alpha particles. This stability also 
improves the radiation tolerance of the RAM over that of four 
transistor or MIX-MOS (4T) devices. 


Pinouts 


HM1-65642/883 (CERAMIC DIP) 
TOP VIEW 


HM4-65642/883 (CERAMIC LCC) 
TOP VIEW 




DESCRIPTION 
Address input 
Data Input/Output 
Chip Enable 
Chip Enable 
Write Enable 
Output Enable 
No Connections 


GND Ground 


E i 4 I i 3! i 2 i I 1 I l32i i31i *30! N 
5 J '2^ A8 


§ i i M § § 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HM-65642/883 


Absolute Maximum Ratings 


Reliability Information 


High Level Output 
Voltage 

VOH 1 

Low Level Output 
Voltage 

VOL 


Supply Voltage.+7.0V Thermal Resistance. 0ja 0jc 

Input or Output Voltage Applied for all grades.GND-0.3V to Ceramic DIP Package. 45°C/W 8°C/W 

VCC+0.3V Ceramic LCC Package. 55°C/W 45®C/W 

Storage Temperature Range.-65°C to +160®C Maximum Package Power Dissipation at +125®C 

Junction Temperature.+175®C Ceramic DIP Package.1.1 

Lead Temperature (Soldering 10s).+300°C Ceramic LCC Package.0.90 

Typicai Derating Factor.SmA/MHz Increase in ICCOP Gate Count. 101,000 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Input High Voltage.+2.2V to VCC +0.3V 

Operating Temperature Range.-55®C to +125°C Data Retention Supply Voltage.2.0V 

Input Low Voltage.-0.3V to +0.8V Input Rise and Fall Time.40ns Max. 


TABLE 1. HM-65642/883D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 


PARAMETER SYMBOL 


High Impedance 
Output Leakage 
Current 


Input Leakage 
Current 



(NOTE 1) 

CONDITIONS 

GROUP A 
SUBGROUPS 

TEMPERATURE 

VCC = 4.5V, 10 =-1.0mA 

1.2,3 

-55®C^Ta^+125°C 

VCC = 4.5V, 10 = 4.0mA 

1,2,3 

-55®C^Ta5+125°C 

HM-65642B/883, HM-65642/883 
VCC = 5.5V, G = 2.2V, 

VI/0 = GND or VCC 

1.2,3 

-55°C^Ta^+125°C 

HM-65642C/883 

VCC = 5.5V, G = 2.2V, 

VI/0 = GND or VCC 

1.2,3 

-55®C^Ta^+125®C 

HM-65642B/883, HM-65642/883 
VCC = 5.5V, VI = GND or VCC 

1.2,3 

-55®CiTA^+125®C 

HM-65642C/883 

VCC = 5.5V, VI = GND or VCC 

1,2,3 

-55°C^Ta^+125°C 



+2.0 |iA 


Standby Supply ICCSB1 HM-65642B/883 


VCC = 5.5V, El = VCC -0.3V or 
E2 = GND +0.3V 


HM-65642/882. 

VCC = 5.5V, El = VCC -0.3V or 
E2 = GND +0.3V 


HM-65642C/883 

VCC = 5.5V, El = VCC -0.3V or 

E2 = GND +0.3V 


Standby Supply 

ICCSB 

Current 


Enable Supply 

ICCEN 

Current 


Operating Supply 

ICCOP 

Current 




-55°C^Ta^+125®C 


-55®C$Ta^+125®C 


-55®C^Ta^+125°C 


-55°CSTaS+125®C 


-55°C^Ta<;+125®C 


-55®C!STa^+125®C 


pA 


pA 


100 pA 


250 pA 


400 pA 


1. All voltages referenced to device GND. 

2. Typical derating 5mA/MHz increase in ICCOP. 

3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, lOH = -4.0mA, lOL * 4.0mA, VOH ^ 1.5V, and VOL ^ 1.5V. 


CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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Specifications HM-65642/883 


TABLE 1. HM-65642/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Guaranteed and 100% Tested 


PARAMETER 

SYMBOL 

(NOTE 1) 

CONDITIONS 

GROUP A 
SUBGROUPS 

TEMPERATURE 

LIMITS 

UNITS 

MIN 

MAX 

Data Retention 
Supply Current 

ICCDR 

HM-65642B/883 

VCC = 2.0V, El = VCC -0.3V or 

E2 = GND +0.3V 

1,2,3 

-55°C<Ta<+125°C 

■ 

75 

pA 

HM-65642/883 

VCC = 2.0V, El sr VCC -0.3V or 

E2 = GND +0.3V 

1,2,3 

-55°C^Ta^+125°C 

■ 

150 

pA 

HM-65642C/883 

VCC = 2.0V, El = VCC -0.3V or 

E2 = GND +0.3V 

1,2,3 

-55°C^Ta<+125°C 

■ 

250 

pA 

Functional Test 

FT 

VCC = 4.5V (Note 3) 

7, 8A, 8B 

-55°C<Ta^+125°C 

- 

- 

- 


NOTES: 


1. All voltages referenced to device GND. 

2. Typical derating 5mA/MHz increase in ICCOP. 

3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, lOH = -4.0mA, lOL = 4.0mA, VOH > 1.5V, and VOL < 1.5V. 


TABLE 2. HM-65642/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS 

SYMBOL 

(NOTES 1.2) 
CONDITIONS 

GROUP A 
SUB¬ 
GROUPS 

TEMPERATURE 

LIMITS 

UNITS 

HM-65642B/ 

883 

HM-65642/ 

883 

HM-65642C/ 

883 

12 m 


I21UI 

I222QI 



Read/Write/ 

Cycle Time 

TAVAX 

VCC = 4.5V and 
5.5V 

9. 10. 11 

-55°C < Ta < +125°C 

150 

- 

150 

- 

200 

- 

ns 

Address Access 
Time 

TAVQV 

VCC = 4.5V and 
5.5V 

9. 10. 11 

-55°C < Ta < + 125 OC 

- 

150 

- 

150 


200 


Output Enable 
Access Time 

TGLQV 

VCC = 4.5V and 
5.5V 

9. 10. 11 

-55°C < Ta < +125°C 

■ 

70 

- 

70 

- 

70 

ns 

Chip Enable 
Access Time 

TE1LQV 

TE2HQV 

VCC = 4.5V and 
5.5V 

9. 10.11 

-55°C < Ta < +125°C 

■ 

150 

- 

150 

- 

200 

ns 

Write Recovery 
Time 

TWHAX 

TE1HAX 

TE2LAX 

VCC = 4.5V and 
5.5V 

9. 10. 11 

- 55 OC < Ta ^ +125°C 

10 

■ 

10 

■ 

10 

■ 

ns 

Chip Enable to 
End-of-Write 

TE1LE1H 

TE2HE2L 

VCC = 4.5V and 
5.5V 

9. 10. 11 

-55°C ^ Ta < +125°C 

90 


90 


120 


ns 

Address Setup 
Time 

TAVWL 

TAVE1L 

TAVE2H 

VCC = 4.5V and 
5.5V 

9. 10. 11 

-55°C ^ Ta < +125°C 

0 

■ 

0 

■ 

■ 

■ 

ns 

Write Enable 

Pulse Width 

TWLWH 

VCC = 4.5V and 
5.5V 

9. 10. 11 

-55°C^Ta<+125°C 

90 


90 


120 

- 

ns 

Data Setup Time 

TDVWH 

TDVE1H 

TDVE2L 

VCC = 4.5V and 
5.5V 

9. 10, 11 

-55°C<Ta^+125°C 

60 

■ 

60 

■ 

80 

■ 

ns 

Data Hold Time 

TWHDX 

VCC = 4.5V and 
6.5V 

9. 10. 11 

-55°C ^ Ta < +125®C 

5 

* 

5 

- 

5 

- 

ns 

TE1HDX 

VCC = 4.5V and 
5.5V 

9. 10. 11 

-55°C ^ Ta ^ +125°C 

10 

- 

10 

- 

10 

- 

ns 

TE2LDX 

VCC = 4.5V and 
5.5V 

9. 10. 11 

-55°C ^ Ta ^ +125°C 

10 

- 

10 

- 

10 

■ 

ns 


NOTES: 


1. All voltages referenced to device GND. 

2. AC measurements assume transition time < 5ns; input levels = O.OV to 3.0V; timing reference levels = 1.6V; output load = 1TTL equivalent 
load and CL ^ 50pF, for CL > 50pF, access times are derated 0.15ns/pF. 


CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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CAUTION: These devices are sensitive to electronic discharge. Proper 1C handling procedures should be followed. 
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HM-65642/883 


Low Voltage Data Retention 

Harris CMOS RAMs are designed with battery backup in 2. During power-up and power-down transitions, E2 must be held 
mind. Data Retention voltage and supply current are guaran- between -0.3V and 10% of VCC. 

teed over the operating temperature range. The following 3. The RAM can begin operating one TAVAX after VCC reaches the 
rules ensure data retention: minimum operating voltage of 4.5V. 

1. The RAM must be kept disabled during data retention. This is ac¬ 
complished by holding the E2 pin between -0.3V and GND. 



GNO 












HM-65642/883 
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Burn-In Circuits 

HM-65642/883 CERAMIC DIP 


fT)lOH ©1-5V (T)iOL 


EQUiVALENT CIRCUIT 


HM-65642/883 CERAMIC LCC 



C 

|6— GND 


F6-V 

^ A3 

4^ A2 

Tl 

ro 

F4-V 

4^ A1 

is] 

F3-^ 

^ AO 



NC 

Jjj 

1?1 

F2-V 

^DQO 

13] 



F0 = 100kHz ±10% 

All resistors 47kQ ±5% 
C = 0.01nF Min. 

VCC = 5.5V ± 0.5V 
VIH = 4.5V±10% 

VIL = -0.2Vto+0.4V 


NOTES: 

FO = 100kHz ± 10% 
C = 0.01^F Min. 
VCC = 5.5V ± 0.5V 
VIH = 4.5V±10% 
VIL = -0.2VtO+0.4V 
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HM-65642/883 


Packaging 


28 PIN CERAMIC DIP 

1.440 



LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835. GDiP1-T28 

MATERIALS: Compliant to Ml L-M38510 

32 PAD CERAMIC LCC 




.095 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, CCXJC1-N32 

MATERIALS: Compliant to MlL-M38510 


NOTE: All Dimensions are ——, Dimensions are in inches. 
Max 
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HM-6564 


January 1992 


8K X 8,16K X 4 CMOS RAM Module 


Features 

• Low Power Standby.4mW Max. 

• Low Power Operation.280mW/MHz Max. 

• Data Retention.2.0V Min. 

• TTL Compatibie In/Out 

• Three State Outputs 

• Fast Access Time. 350ns Max. 

• Operating Temperature Range.-55®C to +125®C 


• Operating Temperature Range_ 

• On Chip Address Registers 

• Organizabie8Kx8or16Kx4 

• 40 Pin DIP Pinout - 2.000” x 0.900” 

Ordering Information 

PACKAGE TEMP. RANGE 

Module -55°Cto+125°C 


Description 

The HM-6564 is a 64K bit CMOS RAM. It consists of 16 
HM-6504 4K x 1 CMOS RAMs, in leadiess carriers, mounted 
on a ceramic substrate. The HM-6564 is configured as an 
extra wide, standard length 40 pin DIR The memory appears 
to the system as an array of 16 4K x 1 static RAMs. The 
array is organized as two 8K by 4 blocks of RAM sharing 
only the address bus. The data inputs, data outputs, chip 
enables and write enables are separate for each block of 
RAM. This allows the user to organize the HM-6564 RAM as 
either 8K by 8 or a 16K by 4 array. 

This 64K memory provides a unique blend of low power 
CMOS semiconductor technology and advanced packaging 
techniques. The HM-6564 is intended for use In any applica¬ 
tion where a large amount of RAM is needed, and where 
power consumption and board space are prime concerns. 
The guaranteed low voltage data retention characteristics 
allow easy implementation of non-volatile read/write memory 
by using very small batteries mounted directly on the mem¬ 
ory circuit board. Example applications Include digital avionic 
Instrumentation, remote data acquisition, and portable or 
hand held digital communications devices. 


Pinout 


40 LEAD MODULE 
TOP VIEW 


Functional Diagram 



* Pins 20 and 40 (VCC) are internally connected. Similarly pins 1 and 21 
(Ground) are connected. The user is advised tb connect all four VCC pins 
and Ground pins to his board busses. This will improve power distribution 
across the array and will enhance decoupling. 

Pin 10 is internally connected to pin 11, and pin 30 is connected to pin 31. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 0 _ -j gg 
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Specifications HM-6564 


Absolute Maximum Ratings 

Supply Voltage.+7.0V Junction Temperature.+176°C 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s).+300°C 

Storage Temperature Range.-65°C to +150°C Gate Count.112000 Gates 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 
of the dewce at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

Operating Conditions 

Operating Voltage Range.+4.5Vto+5.5V Rise and Fall Time.40ns Max. 

Operating Temperature Range.-55°C to +125°C 


DC Electrical Specifications vcc = 5V ± io%; Ta =* *55°c to +i25°c (hm-6564-8) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

ICCSB 

Standby Supply Current 

- 

800 

\iA 

10 =r 0mA, VI = VCC or GND, 

VCC = 5.5V 

ICCOP1 

Operating Supply Current (8K x 8) (Note 1) 

- 

56 

mA 


ICCOP2 

Operating Supply Current (16K x 4) (Notes 1,2) 

- 

28 

mA 

E = 1 MHz, 10 = 0mA, VI = VCC or 
GND, VCC = 5.5V 

ICCDR 

Data Retention Supply Current 

- 

400 

pA 

10 = 0mA, VCC = 2.0V, VI = VCC or 
GND 

VCCDR 

Data Retention Supply Voltage 

2.0 

- 

V 


IIA 

Address Input Leakage 

-20 

+20 

pA 

VI = VCC or GND, VCC = 5.5V 

ilDI 

Data Input Leakage (8K x 8) 

-3 

+3 

pA 

VI = VCC or GND, VCC = 5.5V 

IID2 

Data Input Leakage (16K x 4) (Note 2) 

-5 

+5 

pA 

VI = VCC or GND, VCC = 5.5V 

IIE1 

Enable Input Leakage (8K x 8) 

-10 

+10 

pA 

VI = VCC or GND, VCC = 5.5V 

liE2 

Enable Input Leakage (16K x 4) (Note 2) 

-6 

+5 

pA 

VI = VCC or GND, VCC = 5.5V 

MW 

Write Enable Input Leakage (Each) 

-10 

+10 

pA 

VI = VCC or GND, VCC = 5.5V 

IOZ1 

Output Leakage (8K x 8) 

-5 

+5 

pA 

VO = VCC or GND, VCC = 5.5V 

IOZ2 

Output Leakage (16K x 4) (Note 2) 

-10 

+10 

pA 

VO = VCC or GND, VCC = 5.5V 

VIL 

Input Low Voltage 

0 

0.8 

V 

VCC = 4.5V 

VIH 

Input High Voltage 

VCC-2.0 

VCC 

V 

VCC = 5.5V 

VOL 

Output Low Voltage 

- 

0.4 

V 

10 = 2.0mA, VCC = 4.5V 

VOH1 

Output High Voltage 

mEM 

- 

V 

10 =-1.0mA, VCC = 4.5V 

VOH2 

Output High Voltage (Note 2) 

VCC-0.4 

> 

V 

IO = -100pA,VCC = 4.5V 

CIA 

Address Input Capacitance (Note 2) 

- 

200 

PF 

f = 1 MHz, All measurements are 
referenced to device GND 

CID1 

Data Input Capacitance (8K x 8) (Note 2) 

- 

50 

pF 

CID2 

Data Input Capacitance (16K x 4) (Note 2) 

- 

100 

pF 

CIE1 

Enable Input Capacitance (8K x 8) (Note 2) 

- 

160 

pF 

CIE2 

Enable Input Capacitance (16K x 4) (Note 2) 

- 

80 

pF 

CIW 

Write Enable Input Capacitance (Each) (Note 2) 

- 

100 

pF 

C01 

Output Capacitance (8K x 8) (Note 2) 

- 

50 

pF 

C02 

Output Capacitance (16K x 4) (Note 2) 

- 

100 

pF 


NOTES: 

1. ICCOP Is proportional to operating frequency. 

2. Tested at Initial design and after major design changes. 





















































































































































Specifications HM-6564 



6 


6-201 


CMOS MEMORY 



































































































HM-6564 


Read Cycle 


TAVEL|^TELA ^ 
{ ADO'VALIO 


-TELQV- 

TELQX f-- 

13 ) 


-TEHEL—*>||7i 


TIME 

REFERENCE 


TIME 

REFERENCE 


TRUTH TABLE 



Tlie address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


Early Write 
Cycle 


Memory Disabled 


Cycle Begins, Addresses are Latched 


Output Enabled 


Output Valid 


Read Accomplished 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


enabled but data is not valid until during time (T = 2). W must 
remain highjjntil after time (T = 2). After the output data has 
been read, E may return high (T = 3). This will disable the 
output buffer and ready the RAM for the next memory cycle 
(T = 4). 


IB) j 

TAVEL 

1 (9) 

^TELAX'*- 


( ADD 

VALID 'y 



- TWLEL —TELWH- 

, 1121 1131 

__ -. jt, 

I (15) (17) 

4tdvel|-^teldx-* 


TRUTH TABLE 


TIME 

REFERENCE 



The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E (T 
= 0), the addresses, the write signal, and the (^ta input are 
latched in on chip registers. The logic value of W at the time 
E falls_^termlnes the_state of the output buffer for the cycle. 
Since W is low when E falls, the output buffer is latched into 


Memory Disabled 


Cycle Begins, Addresses are Latched 


Write in Progress Internally 


Write Complete 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


the high impedance state and will remain in that state until E 
reti£ns high (T = 2). For this cycle, the data Input is latched 
by E going low; therefore data set up and hold times should 
be referenced to E. When E (T = 2) returns to the high state 
the output buffer disables and all signals are unlatched. The 
device is now ready for the next cycle. 
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HM-6564 



The late write cycle is a cross between the early write cycle 
and the read-modify-write cycle. Recall that in the early write 
the output is guaranteed to remain high impedance, and in 
the read-modify-write the output is guaranteed valid at 
access time. The late write is between these two cases. With 


Memory Disabled 


Cycle Begins, Addresses are Latched 


Write Begins, Data is Latched 


Write in Progress Internally 


Write Completed 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


this cycle the output may become active, and may become 
valid data, or may remain active but undefined. Valid data is 
written into the RAM if data set up, data hold, write setup 
and write pulse widths are observed. 


NOTE: In the above descriptions the numbers in parenthesis (T = n) refers to the respective timing diagrams. The numbers are located on 
the time reference line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. 


GATED COLUMN! 
DECODER AND I 
DATA I/O I 



li 





6 


^6 


m 


A 

LATC 

ADDI 

REGI 

;hed 

RESS 

ster 


ALL LINES ACTIVE HIGH-POSITIVE LOGIC 
THREE-STATE BUFFERS: 

A HIGH OUTPUT ACTIVE 
CONTROL AND DATA LATCHES: 

L LOW —► Q s D 
Q LATCHES ON RISING EDGE OF L 
ADDRESS LATCHES: 

LATCH ON RISING EDGE OF E 
GATED DECODERS: 

GATE ON RISING EDGE OF G 
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HM-6564 


Organization Guide 


To Organize 8K x 8: 


Connect: 

§1 with E3 

(Pins 9 + 32) 


E2 with E4 

(Pins 12 + 29) 


W1 with W2 

(Pins 11+31) 

To Organize 16Kx4: 


Connect: 

QO with Q4 

(Pins 2 + 39) 


DO with D4 

(Pins 3 + 38) 


Q1 with Q5 

(Pins 4 + 37) 


D1 with D5 

(Pins 5 + 36) 


D2 with D6 

(Pins 16 + 25) 


Q2 with Q6 

(Pins 17 + 24) 


D3 with D7 

(Pins 18+ 23) 


03 with 07 _ 

(Pins 19 + 22) 

Optional 

W1 may be common with W2 

(Pins 11 +31) 


Concerns for Proper Operation of Chip Enabies: 


The transition between blocks of RAM requires a change in 
the chip enable being used When operating in the 8K x 8 
mode, use the chip enables as if there were only two, E1 and 
E2. In the 16K x 4 mode, all chip enables must be treated 
separately. Transitions between chip enables must be 
treated with the same timing constraints that apply to any 
one chip enable. All chip enables must be high at least one 
chip enable high time (TEHEL) before any chip enable can 
fall. More than one chip enable low simultaneously, for 
devices whose outputs are tied common either internally or 
externally, is an illegal input condition and must be avoid. 


Printed Circuit Board Mounting: 

The leadless chip carrier packages used in the HM-6564 
have conductive lids. These lids are electrically floating, not 
connected to VCC or GND. The designer should be aware of 
the possibility that the carriers on the bottom side could 
short conductors below If pressed completely down against 
the surface of the circuit board. The pins on the package are 
designed with a standoff feature to help prevent the leadless 
carriers from touching the circuit board surface. 

Board Size Tradeoffs 

Printed circuit board real estate is a costly commodity. Actual 
board costs depend on layout tolerances, density, complex¬ 
ity, number of layers, choice of board material, and other fac¬ 
tors. 

The following table compares board space for 16 standard 
DIP 4K RAMs to the HM<nd>6564 RAM array. Both fine line, 
close tolerance layout and standard “eas^’ layout board 
sizes are shown in the comparison. 

The cost of semiconductor circuits decline with time. If actu¬ 
al costs were included, they would be out of date in a very 
short time. We urge you to contact your local Harris office of 
sales representative for accurate pricing allowing cost 
tradeoff analysis. In your cost analysis, also consider the 
advantages of a lighter, smaller overall package for your sys¬ 
tem. Consider how much more valuable your system will be 
when the memory array size is decreased to about 1/6 of 
normal size. 


64K ARRAY OR 16 4K RAMs ON A PC BOARD vs. THE HM-6564 


PACKAGE 

CIRCUIT SUBSTRATE 

SIZE 

18 Pin DIP 

Standard Two Sided PCB 

12 to 15 square inchbs 

18 Pin DIP 

Fine Line or Multilayer PCB 

9 to 11 square Inches 

18 Pin Leadless Carrier 

Multilayer Alumina Substrate 

3 to 5 square inches 

HM-6564 

Two Sided Mounting Multilayer 
Alumina Substrate 

2 square inches 
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SEMICONDUCTOR 


January 1992 


HM-8808 

HM-8808A 

8K X 8 Asynchronous 
CMOS Static RAM Module 


Features 

• Full CMOS Design 

• 6 Transistor Memory Cell 

• Low Standby Current. 250/900^A 

• Low Operating Current.70mA 

• Fast Address Access Time.100/120/150ns 

• CMOS/TTL Compatible Inputs/Outputs 

• JEDEC Approved Pinout 

• Equal Cycle and Access Time 

• No Clocks or Strobes Required 

• Single 5 Volt Supply 

• Gated Inputs - No Pull-Up or Pull-Down Resistors 
Required 

• Temperature Range.-55®C to+125®C 

• Easy Microprocessor Interfacing 

• Duai Chip Enabie Control (HM-8808A) 


Description 

The HM-8808 and HM-8808A are 8K x 8 Asynchronous CMOS 
Static RAM Modules, based on multi-layered, co-fired, dual-in-line 
substrates. Mounted on each substrate are four HM-65162 2K x 8 
CMOS SRAMs, a high speed CMOS decoder, and a ceramic decou¬ 
pling capacitor, all packaged in leadless chip carriers. The capacitor 
is added to reduce noise and the need for external decoupling. The 
HM-65162 RAMs used in these modules are full CMOS devices, uti¬ 
lizing arrays of six transistor (6T) memory cells for the most stable 
and lowest possible standby supply current over the full military tem¬ 
perature range. In addition to this, the high stability of the 6T cell 
provides excellent protection against soft errors due to noise and 
alpha particles. This stability also improves the radiation tolerance of 
the RAM over that of four transistor devices. The HM-8808 and HM- 
8808A have gated inputs to simplify system design for optimum 
standby supply current. The pinouts of these modules conform to 
the JEDEC 28 pin 8 bit wide standard, which is compatible with a 
variety of Industry standard memories. The HM-8808A is pin-com¬ 
patible with many standard 8K x 8 RAMs, adding the advantage of 
high performance over the full military temperature range. Also, 
because of the second chip enable (E2), the HM-8808A simplifies 
the design of low-power battery back-up memory systems. 


Ordering Information 



PACKAGE 


MODULE 


MODULE 


TEMPERATURE RANGE 


-55°C to +125°C 


-55°C to +125°C 


Pinouts 

28LEAD MODULE 

TOP VIEW 



PIN 

DESCRIPTION 

A 

InputAddress Input 

DO 

Data Input/Output 

E 

Chip Enable (HM-8808) 

El 

Chip Enable (HM-8808A) 

E2 

Chip Enable (HM-8808A) 

W 

Write Enable 

G 

Output Enable 


100ns 


HM5-8808S-8 


HM5-8808AS-8 


120ns 


HM5-8808B-8 


HM5-8808AB-8 


28 LEAD MODULE 

TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HIIM808, HM-8808A 


Absolute Maximum Ratings 

Supply Voltage.+7.0V Gate Count.105000 Gates 

Input or Output Voltage.GND-0.3V to VCC+0.3V Junction Temperature.+175°C 

Storage Temperature Range.-65°C to +150°C Lead Temperature (Soldering 10s).+300°C 

CAUTION: Strosses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Input Rise and Fall Time.40ns Max. 

Operating Temperature Range.-55®C to +125°C 

DC Electrical Specifications vcc = 5v ± io%; Ta = -55°c to +i25°c {hm-ssosx-s) 



Capacitance Ta= +25^c (Note 3) 



All devices tested at worst case temperature and supply voltage limits. 


2. Typical derating = 5mA/MHz increase in ICCOP, VI = VCC or GND. 

3. Guaranteed but not tested. 

4. Relevant to the HM-8808-8 only. 

5. Relevant to the HM-8808A-8 only. 


6-206 



















































































































Specifications HM-8808, HM-8808A 


AC Electrical Specifications vcc = 5V 1 o%; t ^ = -ss^c to 25 <’c 


HM-8808S/AS-8 I HM-8808B/AB-8 I HM-8808JA-8 


MAX 


SYMBOL 

PARAMETER 

READ CYCLE 

(1) TAVAX 

Read Cycle Time 

(2) TAVQV 

Address Access Time 

(3) TELQV 

Chip Enable Access Time 

(4) TGLQV 

Output Enable Access Time 

(5) TELQX 

Chip Enable Output Enable Time 

(6) TGLQX 

Output Enable Output Enable Time 

(7) TAXQX 

Address Output Hold Time 

(8) TEHQ2 

Chip Disable Output Disable Time 

(9) TGHQZ 

Output Disable Time 

WRITE CYCLE 

(10) TAVAX 

Write Cycle Time 

(ll)TELWH 

Chip Enable to End of Write 

(12) TWLWH 

Write Enable Pulse Width 

(13) TELEH 

Enable Pulse Width (Early Write) 

(14) TAVWL 

Address Setup Time (Late Write) 

(15) TAVEL 

Address Setup Time (Early Write) 

(16) TWHAX 

Address Hold Time (Late Write) 

(17) TEHAX 

Address Hold Time (Early Write) 

(18) TDVWH 

Data Setup Time (Late Write) 

(19) TDVEH 

Data Setup Time (Early Write) 

(20) TWHDX 

Data Hold Time (Late Write) 

(21) TEHDX 

Data Hold Time (Early Write) 

(22) TWLEH 

Write Enable Pulse Setup Time 

(23) TWLQZ 

Write Enable Output Disable Time 

(24) TWHQX 

Write Disable Output Enable Time 


(NOTES 1,2) 

TEST 

MAX I UNITS CONDITIONS 


ns 


ns 


ns (Note 4) 


ns 


ns (Notes 3,4) 


ns (Note 3) 


ns 


ns <Notes 3,5) 


ns I (Note 3) 



ns (Notes 3, 5) 


ns (Note 5) 


ns (Note 3) 


ns (Note 3) 


1. All devices tested at worst case temperature and supply voltage limits. 

2. Input pulse levels: VIL = O.OV, VIH = 3.0V Input rise and fall times: 5ns (max.) VCC = 4.5V and 5.5V. Input and output timing reference 
levels: 1.5V Output load: 1 TTL gate equivalent and 50pF (min, including scope and jig). 

3. Guaranteed but not tested. 

4. *EL” (enable input valid) equivalent to: EL on the HM-8808-8. EIL and E2H on the HM<8808A-8 

5. “EH" (enable Input invalid) equivalent to: EH on the HM-8808-8. EIH or E2L on the HM-8808A-8. 
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HM-8808, HM-8808A 



HM-8808 Timing Diagrams 

READ CYCLE 1 (Notes 1. 2) 

TAVAX 

ID 














HM-8808, HM-8808A 


HM-8808 Timing Diagrams (Continued) 

WRITE CYCLE 1 (Notes 1 , 3,4) 



TWHOX 

TWHDX ^ 

I24) 

(20) 

-^ 




WRITE CYCLE 2 (Notes 2,4) 



1. in Write Cycle 1, the module is first enabled and then data is strobed into the RAM with a pulse on Write Enable (W). Because W becomes 
valid after the part is enabled, this is sometimes referred to as a "Late Write” cycle. 

2. In Write Cycle 2, Address (A) and Write Enable (W) are first set up, and then data is strobed into the RAM with a pulse on E. Because W 
is valid before the module is enabled, this is sometimes referred to as an "Early Write” cycle. 

3. Output Enable (Ei) is normally held stable throughout the entire cycle. If ^ is held high, then the outputs (Q) remain in the high impedance 
state. If E[ is held low, then it may be necessary to lengthen the cycle to prevent bus contention. This would occur if TWLQZ and TDVWH 
overlapped. 

4. Data Inputs (D) and Data Outputs (Q) are connected internally at the DO pins. 
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HM'8808, HM-8808A 

HM-8808A Timing Diagrams 

READ CYCLE 1 (Note 1,2) 

TAVAX 



READ CYCLE 2 (Notel) 


TAVAX 

ID 



NOTES: 

1. In a read cycle, W is held high. 

2. In read cycle 2, the module Is kept continuously enabled: "G and ET are held at VIL E2 is held at VIH. 

3. The AC timing of E2 is the same as that of FT. Only the polarity is reversed. While FT is active low, E2 is active high. Therefore AC 
parameters that refer to the falling edge of enable, such as TELQV, can be applied to the rising edge of E2, and parameters that refer 
to the rising edge of enable, such as TEHQ2, can be applied to the falling edge of E2. 
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HM-8808, HM-8808A 


HM-8808A Timing Diagrams (Continued) 

WRITE CYCLE 1 : Controlled by W (Notes 1,3,4) 

( 10 ) 



WRITE CYCLE 2: Controlled by ET (Notes 2, 4) 


( 10 ) 



WRITE CYCLE 3: Controlled by E2 (Notes 2, 4) 


( 10 ) 



NOTES: 

1. In Write Cycle 1, the module is first enabled and then data is strobed into the RAM with a pulse on Write Enable (W). Because W becomes 
valid after the part is enabled, this Is sometimes referred to as a “Late Write” cycle. 


2. In Write Cycle 2 and 3, Address (A) and Write Enable (W) are first set up, and then data Is strobed into the RAM with a pulse on ET or 
E2. Because W is valid before the module is enabled, this is sometimes referred to as an “Early Write” cycle. 


3. Output Enable (G) is normally held stable throughout the entire cycle. If G is held high, then the outputs (Q) remain in the high impedance 
state. If O is held low, then it may be necessary to lengthen the cycle to prevent bus contention. This would occur if TWLQZ and TDVWH 
overlapped. 


4. Data Inputs (D) and Data Outputs (Q) are connected internally at the DO pins. 

5. The AC timing of E2 is the same as that of ET. Only the polarity is reversed. While ET is active low, E2 is active high. Therefore AC pa¬ 
rameters that refer to the falling edge of enable, such as TELQV, can be applied to the rising edge of E2, and parameters that refer to 
the rising edge of enable, such as TEHQZ, can be applied to the falling edge of E2. 
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HM-8808, HM-8808A 


Low Voltage Data Retention 

Harris CMOS RAMs are designed with battery backup in 
mind. Data retention voltage and supply current are 
guaranteed over temperature. The following rules insure 
data retention: 

1. The module must be kept disabled during data retention. 
The Chip Enable (E) on the HM-8808 must be held 
between VCC-0.3V and VCC+0.3V. Chip Enable 2 (E2) 
on the HM-8808A must be held between -0.3V and GND 
+0.3V. 


2. During power-up and power-down transitions, E (HM- 
8808) must be held between 90% of VCC and VCC 
•t-0.3V; E2 (HM-8808A) must be held above -0.3V and 
below 10% of VCC. 

3. The RAM module can begin operation one TAVAX after 
VCC reaches the minimum operating voltage (4.5V). 









SEMICONDUCTOR 


HM- 8816 H 


January 1992 


16K X 8 High Speed Asynchronous 
CMOS Static RAM Moduie 


Features 

• Low Standby Supply Current.800|iA 

• Low Operating Supply Current.400mA 

• Fast Access Time.70ns 

• Low Data Retention Supply Voltage.2.0V 

• Wide Operating Temperature.-55®C to +125®C 

Range 

• CMOS/TTL Compatible Inputs/Outputs 

• JEDEC Approved Pinout 

• Full CMOS - Six Transistor RAM Cells 

• No Clocks or Strobes Required 

• Single 5V Power Supply 

• Standard DIP Size.0.6” x 1.5” 

• Easy Microprocessor Interfacing 

• Gated Inputs 


Description 

The HM-8816H is a high speed, asynchronous CMOS static 
RAM module, based on a multilayer, co-fired, dual-in-line 
ceramic substrate and eight HM-65262 16K x 1 asynchro¬ 
nous CMOS static RAMs packaged in leadless chip carriers. 
The HM-8816H uses on-substrate decoupling capacitors 
packaged in leadless chip carriers to reduce electrical noise 
and improve reliability The pinout of the HM-8816H 
conforms to the JEDEC 8 bit wide, 28 pin RAM standard, 
which allows the system designer to design sockets that will 
accommodate a variety of industry standard RAMs and 
EPROMs. The HM-8816H also has gated inputs to simplify 
system design for optimum standby supply current. 

The HM-65262 RAMs used In this module are full CMOS 
devices, utilizing arrays of six transistor (6T) memory cells 
for the most stable and lowest possible standby supply 
current over the full military temperature range. In addition to 
this, the high stability of the 6T cell provides excellent 
protection against soft errors due to electrical noise and 
alpha particles. This stability also improves the radiation 
tolerance of the RAMs over that of four transistor devices. 


Pinout 

d 

>8 LEAD MODULE 
TOP VIEW 


NC [T 

\J 

iU VCC 

A12 [T 


iz] w 

A7 E 


El A13 

A6 E 


is] A8 

AS E 


ii] A9 

A4 E 


in A11 

6 

IB 


iil NC 

A2 E 


El A10 

A1 E 


i3 E 

AO Ei 


iH DQ7 

DQO El 


iH DQ6 

DQ1 Ei 


IzIdQS 

DQ2 Ei 


li]DQ4 

GND Ei 


iilDQ3 

Ordering Information 




PACKAGE 

TEMPERATURE 

RANGE 

70ns 

80ns 

MODULE 

-55°C to +125°C 

HM5-8816HB-8 

HM5-8816H-8 


PIN DESCRIPTIONS 


PIN 

FUNCTION 

A0-A13 

Address Inputs 

DQO - DQ7 

Data Input/Outputs 

E 

Chip Enable 

W 

Write Enable 

VCC 

Power (+5V) 

GND 

GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 c oi q 
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Specifications HM-8816H 


Absolute Maximum Ratings 

Supply Voltage.+7.0V Junction Temperature.+175°C 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s).+300®C 

Storage Temperature Range.-65°C to +160®C Gate Count. 210,000 Gates 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and (^ration 
of the device at these or any other conditions above those indicated in the operation^ sections of dtis specification is not implied. 


Operating Conditions 

Operating Voltage Range.... 


+4.5V to +5.5V Operating Temperature Range.-55°C to +125®C 


DC Eiectrical Specifications vcc = 6V ± io%; Ta = -55°c to +i25®c (hm- 8816 HB- 8 , hm- 8816 H- 8 ) 



TESTCONOmONS 


pA IO = 0,E = VCC-0.3V 


mA IO = 0,E = VIH 


mA lO = 0, E + VIL, VIN = VIH or VIL 


mA 10 = 0, f = 1MHz, E = VIL, VIN = VCC 
orGND 


VCC = 2.0V, E = VCC - 0.3V, lO 0 


VIN = VCC or GND 


pA VIO = VCCorGND 


lOL * 0.8mA 


lOH = -4.0mA 


lOH = 100mA 



Capacitance Ta = +25°c (Note 2 ) 



PARAMETER 


Input Capacitance 


CIO input/Output Capacitance 


NOTES: 

1. Typical derating: 40mA/MHz increase in ICCOP. 

2. Tested at initial design and after major design changes. 



TEST CONDITIONS 


f = 1MHz, VIN = VCC or GND 


f = 1MHz, VIO = VCC or GND 
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Specifications 


AC Electrical Specifications vcc = 5V ± io%; = -55°c to +i25°c (hm- 8816 HB- 8 , hm- 8816 H- 8 ) 


SYMBOL 

PARAMETER 

LIMITS 

UNITS 

NOTES 

HM-8816HB 

HM-8816H 

MIN 

MAX 

MIN 

MAX 

READ CYCLE 

(1) TAVAX 

Read Cycle Time 

70 

- 

85 

- 

ns 

1,3 

(2) TAVQV 

Address Access Time 

- 

70 

- 

85 

ns 

1.3 

(3) TELQV 

Chip Enable Access Time 

- 

70 

- 

85 

ns 

1,3 

(4) TELQX 

Chip Enable Output Enable Time 

5 

- 

5 

- 

ns 

2,3 

(5) TEHQX 

Chip Enable Output Hold Time 

5 

- 

5 

- 

ns 

2.3 

(6) TAXQX 

Address Output Hold Time 

5 

- 

5 

- 

ns 

2.3 

(7) TEHQZ 

Chip Disable Output Disable Time 

0 

40 

0 

40 

ns 

2,3 

WRITE CYCLE 

(8) TAVAX 

Write Cycle Time 

70 

- 

85 

- 

ns 

1.3 

(9) TELWH 

Chip Enable to End of Write 

W Controlled 

65 

- 

75 

- 

ns 

1.3 

(10) TELEH 

Chip Enable to End of Write 

E Controlled 

65 

- 

75 

- 

ns 

2,3 

(11) TWLWH 

Write Pulse Width 

55 

- 

60 

- 

ns 

1,3 

(12) TAVWL 

Address Setup Time 

W Controlled 

0 

- 

0 

- 

ns 

1,3 

(13) TAVEL 

Address Setup Time 

E Controlled 

0 

- 

0 

- 

ns 

2,3 

(14) TWHAX 

Write Recovery Time 

W Controlled 

10 

- 

10 


ns 

1,3 

(15) TEHAX 

Write Recovery Time 

E Controlled 

10 

- 

10 

- 

ns 

2,3 

(16) TDVWH 

Data Setup Time 

W Controlled 

30 

- 

35 

- 

ns 

1,3 

(17) TDVEH 

Data Setup Time 

E Controlled 

30 

- 

35 

- 

ns 

2,3 

(18) TWHDX 

Data Hold Time 

W Controlled 

5 

- 

5 

- 

ns 

1,3 

(19) TEHDX 

Data Hold Time 

E Controlled 

10 

- 

10 

- 

ns 

1,3 

(20) TWLQZ 

Write Enable Low to Output Off 

- 

40 

- 

40 

ns 

2,3 

(21) TWHQX 

Write Enable High to Output On 

0 

- 

0 

- 

ns 

2,3 



NOTES: 

1. input pulse levels: 0 to 3.0V; input rise and fall times: 5ns max.; input and output timing reference level; 1.5V; Output Load: 1 TTL gate 
equivalent and CL = 50pF (min) - for CL greater than 50pF, access time Is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 
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Timing Diagram 

READ CYCLE 1: CONTROLLED BY I 


HM-8816H 



E - 

TELQX U— 

n 





NOTE: W is held high for entire cycie and D is ignored. Address is stable by the time E goes low and remains valid until E goes high. 

READ CYCLE 2: CONTROLLED BY ADDRESS 



TELQX 0 


•TAXQX® 


NOTE: W is high for entire cycle and D is ignored. E is stable prior to A becoming valid and after A becomes invalid. 

WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE) 



TWHAX 

-^TEHQZ- 


D 

Q TELQ) 







NOTE: In this mode, E rises after W. The address must remain stable whenever both E and W are low. 
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HM-6816H 

Timing Diagrams (Continued) 

WRITE CYCLE 2: CONTROLLED BY I (EARLY WRITE) 


TA\/AY - 



NOTE: In this mcxJe, W rises after E. If W falls before E by a time exceeding TWLQZ (Max) - TELQX (Min), and rises after E by a time 
exceeding TEHQZ (Max]_- TWHQZ (Min), then Q will remain in the high impedance state throughout the cycle. The address must 
remain stable whenever E and W are both low. 
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SEMICONDUCTOR 


HM-8832 

32K X 8 Asynchronous 
January 1992 CMOS Static RAM Module 


Features 

• Full CMOS Six Transistor Memory Ceii 


Low Standby Suppiy Current.250)xA 

Low Operating Suppiy Current.15mA 

Fast Address Access Time.180ns 

Low Data Retention Suppiy Voitage.2.0V 


• CMOSHTL Compatibie Inputs/Outputs 

• JEDEC Approved Pinout 

• Equai Cycie and Access Times 

• No Clocks or Strobes Required 

• Singie 5V Power Suppiy 

• Easy Microprocessor Interfacing 

• Operating Temperature Range.-55®C to +i25^C 

• Standard DiP Size - 0.6” x 1.4” 

Ordering Information 

PKG TEMP. RANGE 180ns/200HA* 180ns.^50^A* 

MODULE -55°C to +125°C HM5-8832B-8 HM5-8832-8 

* Access Time/Data Retention Supply Current 


Description 

The HM-8832 is a 32K x 8 Bit Asynchronous CMOS Static 
RAM Module based on a multilayered, co-fired, dual-in-line 
ceramic substrate, four HM-65642 CMOS Asynchronous 
Static RAMs, and an HCT-138 high-speed CMOS decoder, 
all mounted in ceramic leadless chip carriers. In addition to 
this, each module Is equipped with a ceramic capacitor to 
minimize power supply noise and reduce the need for 
external decoupling. Furthermore, this capacitor is sealed in 
a ceramic leadiess carrier for maximum reliability, even in 
extreme^environments. All inputs on the HM-8832 are gated 
by the E Input to simplify system design requirements to 
obtain the minimum standby and data retention supply 
current. The pinout of the HM-8832 conforms with the 
JEDEC standard for eight-bit wide, 28 pin RAMs, which 
allows the module to be pin compatible with future 
generations of high density RAMs and EPROMs. 

The HM-65642 RAMs used on the HM-8832 module are full 
CMOS devices, utilizing arrays of six-transistor (6T) memory 
cells for the most stable and lowest possible standby and 
data retention supply current over the full military operating 
temperature range. In addition to this, the high stability of the 
6T cell provides excellent protection against soft errors due 
to power supply noise and alpha particles. This stability also 
improves the radiation tolerance of the module over that of 
RAMs utilizing four transistor (4T) Mix-MOS memory cells. 



PIN 

FUNCTION 

A0-A14 

Address Inputs 

DQO - DQ7 

Data Input/Output 

E 

Chip Enable 

G 

Output Enable 

W 

Write Enable 

VCC 

Power {+5V) 

GND 

Ground 


CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 « o i o 
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Specifications HM-8832 


Absolute Maximum Ratings 

Supply Voltage.+7.0V Junction Temperature.+175°C 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s).+300°C 

Storage Temperature Range.-65°C to +150°C Gate Count. 405,230 Gates 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Operating Temperature Range.-55°C to +125°C 


DC Electrical Specifications vcc = 5V ± io%; t^ = '55°c to +i25°c (hm-8832B-8, hm-8832-8) 


LIMITS 

SYMBOL PARAMETER MIN 


ICCSBI Standby Supply Current (CMOS) 


(NOTE 1) 

TEST CONDITIONS 




Standby Supply Current (TTL) 


Enabled Supply Current 


Operating Supply Current (Note 3) 


Data Retention Supply Current 


Input Leakage Current 


I/O Leakage Current 


Data Retention Supply Voltage 


Output Voltage Low 


Output Voltage High 


Output Voltage High (Note 2) 


Input Voltage Low 


Input Voltage High 



HM-8832B, 10 = 0, E = VCC - 0.3V 


HM-8832,10 = 0, E = VCC - 0.3V 


HM-8832B, IO = 0,E = VIH 


HM-8832,10 = 0, E = VIH 


10 = 0, E = VIL 


10 = 0, f = 1 MHz, E = VIL, VIN = VCC 
or GND 


HM-8832B, VCC = 2.0V, 
E = VCC - 0.3V 


HM-8832, VCC = 2.0V, 
E = VCC - 0.3V 


VIN = VCC or GND 


VIO = VCC or GND 


E = VCC 


lOL = 4.0mA 


lOH = -1.0mA 


IOH = lOOpA 



Capacitance t^ = +25°c (Note 2) 


SYMBOL 

PARAMETER 

MAX 

UNITS 

TEST CONDITIONS 

CA 

Address Input Capacitance 

40 

PF 

VA = VCC or GND, f= 1MHz 

CDQ, CG 

Data, Output Enable Capacitance 

45 

PF 

VDQ, VG = VCC or GND, f = 1MHz 

CEN 

Chip Enable Capacitance 

15 

pF 

VEN = VCC or GND, f = 1 MHz 

CW 

Write Enable Capacitance 

60 

pF 

VW = VCC or GND, f = 1 MHz 


NOTES: 

1. All devices tested at worst case temperature and supply voltage limits. 

2. Guaranteed but not tested. 

3. Typical derating 5mA/MHz increase in ICCOP. 
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Specifications HM-8832 


AC Electrical Specifications vcc = 5 V ± io%, = -55°c to +i25°c (HM-8832B-8, hm-8832-8) 



(13) TELEH 


(14) TAVWL 


(15) TAVEL 


(20) TWHDX 


(21) TEHDX 


(NOTES 1, 3) 

TEST 

UNITS CONDITIONS 


READ CYCLE 


(1) TAVAX Read Cycle Time 


(2) TAVQV I Address Access Time 


(3) TELQV Chip Enable Access Time 


(4) TGLQV 


(5) TELQX 


(6) TGLQX 


(7) TAXQX 


(8) TEHQZ 


(9) TGHQZ 


WRITE CYCLE 


Output Enable Access Time 


Chip Enable Output Enable Time 


Output Enable Time 


Address Output Hold Time 


Chip Disable Output Disable Time 


Output Disable Time 


(10) TAVAX Write Cycle Time 


(11) TWLWH Write Pulse Width 


(12) TELWH Chip Enable to End of Write 


Chip Enable to End of Write 


Address Setup Time 


Address Setup Time 


(16) TWHAX Write Recovery Time 


(17) TEHAX I Write Recovery Time 


(18) TDVWH I Data Setup Time 


(19) TDVEH I Data Setup Time 


Data Hold Time 


Data Hold Time 


(22) TWLQZ Write Enable Output Disable Time 


(23) TWHQX Write Disable Output Enable Time 



1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; 
equivalent CL = lOOpF (min) including scope and jig - for CL greater than lOOpF, access time is derated by 0. 

2. Guaranteed but not tested. 

3. All devices tested at worst case temperature and supply voltage limits. 


Output load: 1 TTL gate 
15ns per pF. 
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HM-8832 


Timing Diagram 

READ CYCLE 1: ADDRESS CONTROLLED (Notes 1,2) 


ADDRESS 1 VAUD 


ADDRESS 2 VAUD 


DATA 1 VALID 


DATA 2 VAUD 


READ CYCLE 2: E OR G CONTROLLED (Note 1) 



(3) TELQV 
(5) TELQX 


(4) -*-TGLQV- 

(6) H*- H 


READ CYCLE NOTES: 1. In a read cycle. W Is held high. _ _ 

2. In read cycle 1, the module is kept continuously enabled: E and G are held low. 


WRITE CYCLE 1: W CONTROLLED (Note 1) 



(22) h^TWLQZ- 


WRITE CYCLE 1: E CONTROLLED (Note 2) 


(19) h* - TDVEH ■ 



-TEHDX ^(21) 


WRITE CYCLE NOTES: 1. In Write Cycle 1, the module is first enabled, and then data is strobed into the RAM wjtti a pulse on W. If G Is 
held high for the entire cycle, the outputs will remain in the high impedance state. If G Is held low, it may be 
necessary to lengthen the cycle to prevent bus contention. This would occur if TWLQZ and TDVWH overlapped. 

2. In Write Cycle 2, Address (A) and Write Enable (W) are first setup and then data is strobed Into the RAM with 
a pulse on E. 
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SEMICONDUCTOR 


HM-92560 


January 1992 


256K Synchronous 
CMOS RAM Module 


Features 

• Low Standby Current.SOOjiA 

• Fast Address Access Time.170ns 

• Data Retention.2.0V Min VCC 

• Three-State Outputs 

• Organizabie as 32K x 8 or 16K x 16 Array 

• On Chip Address Registers 

• 48 Pin DIP Pinout.2.66" x 1.30” x 0.29" 

• Synchronous Operation.30mA/MHz 

Yields Low Operating Power 

• Operating Temperature Range.-55^C to 

+125®C 

Ordering Information 

PACKAGE TEMP. RANGE 150ns 

Module -55°CtO+125°C HM5-92560-8 


Description 

The HM-92560 Is a high density 256K bit CMOS RAM module. Six¬ 
teen synchronous HM-6516 2K x 8 CMOS RAMs in Leadless Chip 
Carriers are mounted on a multilayer ceramic substrate. The HM- 
92560 RAM module is organized as two 16K x 8 CMOS RAM arrays 
sharing a common address bus. Separate data input/output buses 
and chip enables allow the user to format the HM-92560 as either a 
16K X 16 or 32K x 8 array. Ceramic capacitors are included on the 
substrate to reduce noise and to minimize the need for additional 
external decoupling. 

The synchronous design of the HM-92560 provides low operating 
power along with address latches for ease of interface to multiplexed 
address/data bus microprocessors. 

The HM-92560 Is physically constructed as an extra wide 48 pin dual- 
in-line package with standard 0.1" centers between pins. This 
package technique combines the high packing density of CMOS and 
Leadless Chip Carriers with the ease of use of DIP packaging. 


Pinout 

GND 


A7 


A8 


A9 


A10 


eT 


E2 


is 


l4 


l5 


l6 


iz 


GA 


£8 


l9 


DQO 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
Copyright © Harris Corporation 1992 R.P99 
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HM-92560 



Organizational Guide 


FOR 32K X 8 CONFIGURATION 

CONNECT: PIN 16 (DQO) to PIN 33 (DQ8) 

PIN 17 (DQ1) to PIN 32 (DQ9) 
PIN 18 (DQ2) to PIN 31 (DQ10) 
PIN 19 (DQ3) to PIN 30 (DQ11) 
PIN 20 (DQ4) to PIN 29 (DQ12) 
PIN 21 (DQ5) to PIN 28 (DQ13) 
PIN 22 (DQ6) to PIN 27 (DQ14) 
PIN 23 (DQ7) to PIN 26 (DQ15) 

FOR 16K X 16 CONFIGURATION 

CONNECT: PIN 6 (IT) to PIN 15 (E9) 

PIN 7 (E2) to PIN 24 (ITO) 

PIN 8 (^) to PIN 25 (ITT) 

PIN 9 (l4) to PIN 34 (E12) 

PIN 10 (l5) to PIN 35 (ITs) 

PIN 11 (l6)toPIN 38 (ITT) 

PIN 12 (17) to PIN 39 (IT5) 

PIN 14 (l8) to PIN 40 (IT6) 

PIN 13 (^) to PIN 36 (GB) 


Concerns for Proper Operation of Chip Enables: 

The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 16K x 16 
mode use the chip enables as If there were only eight, El 
thru E8. In the 32K x 8 mode, all chip enables must be 
treated separately. Transitions between chip enables must 
be treated with the same timing constraints that apply to any 
one chip enable. All chip enables must be high at least one 
chip enable high time (TEHEL) before any chip enable can 
fall. As the HM-92560 is a synchronous memory every 
address transition must be accompanied by a chip enable 
transition (see timing diagrams). More than one chip enable 
low simultaneously, for devices whose outputs are tied com¬ 
mon either internally or externally. Is an illegal Input condition 
and must be avoided. 

Printed Circuit Board Mounting: 

The ieadiess chip carrier packages used in the HM-92560 
have conductive lids. These lids are electrically connected to 
GND. The designer should be aware of the possibility that 
the carriers on the bottom side could short conductors below 
If pressed completely down against the surface of the circuit 
board. The pins on the package are designed with a standoff 
feature to help prevent the leadless carriers from touching 
the circuit board surface. 
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Specifications HM~92560 


Absolute Maximum Ratings 

Supply Voltage.+7.0V Junction Temperature.+175°C 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s).+300°C 

Storage Temperature Range."65°C to +150°C Gate Count.415250 Gates 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the qyerational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.-»4.5V to +5.5V Operating Temperature Range.-55°C to +125°C 


DC Electrical Specifications vcc = 5V ± io%; Ta = -55°c to +i25°c ( hm-92560-8) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

(NOTE 1) TEST CONDITIONS 

ICCSB 

Standby Supply Current 

- 

500 

pA 

10 = 0mA, VI = VCC or GND 

ICCOP 

Operating Supply Current (16K x 16) (Note 2) 

- 

30 

mA 


ICCOP 

Operating Supply Current (32K x 8) (Note 2) 

- 

15 

mA 


ICCDR 

Data Retention Supply Current 

- 

350 

pA 

vcc = 2.0V, lO = 0mA, VI = VCC or 
GND, E = VCC 

VCCDR 

Data Retention Supply Voltage 

2.0 

- 

V 


II 

Input Leakage Current 

-5.0 

+5.0 

pA 

VI = VCC or GND 

lIOZ 

Input/Output Leakage Current 

-5.0 

+5.0 

pA 

VO = VCC or GND 

VIL 

Input Low Voltage 

0 

0.8 

V 


VIH 

Input High Voltage 

VCC-2.0 

VCC 

V 


VOL 

Output Low Voltage 

- 

0.4 

V 

10 = 3.2mA 

VOH1 

Output High Voltage 

2.4 

- 

V 

10 =-1.0mA 

VOH2 

Output High Voltage (Note 3) 

VCC-0.4 

- 

V 

IO = -100pA 


Capacitance Ta = +25°c 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNITS 

TEST CONDITIONS 

CIA 

Address Input Capacitance (Note 3) 

- 

200 

PF 

f = 1 MHz, All measurements are 
referenced to device GND 

CIE1 

Enable Input Capacitance (16K x 16) (Note 3) 

- 

100 

PF 

CIE2 

Enable Input Capacitance (32K x 8) (Note 3) 

- 

50 

pF 


CIG1 

Output Enable Input Capacitance (16K x 16) 
(Note 3) 

- 

150 

pF 


CIG2 

Output Enable Input Capacitance (32K x 8) 

(Note 3) 

• 

100 

pF 


CI01 

Input/Output Capacitance (16K x 16) (Note 3) 

- 

150 

pF 


CI02 

Input/Output Capacitance (32K x 8) (Note 3) 

- 

250 

pF 


CIW 

Write Input Capacitance (Note 3) 

- 

200 

pF 


CCVCC 

Decoupling Capacitance 

0.5 

- 

pF 



NOTES: 

1. VCC = 4.5V and 5.5V 

2. Typical derating 5mA/MHz increase In ICCOP. 

3. Tested at Initial design and after major design changes. 





























































































































Specifications HM-92560 


AC Electrical Specifications vcc = 5 V ± 1 o%; = -55°c to +i 25®c (hm-92560-8) 


MAX 


SYMBOL 

PARAMETER 

(1) TELQV 

Chip Enable Access Time 

(2) TAVQV 

Address Access Time 

(3) TELQX 

Chip Enable Output Enable Time 

(4) TEHQZ 

Chip Enable Output Disable Time 

(5) TGLQX 

Output Enable Output Enable Time 

(6) TGLQV 

Output Enable Output Valid Time 

(7) TGHQZ 

Output Enable Output Disable Time 

(8) TELEH 

Chip Enable Pulse Negative Width 

(9) TEHEL 

Chip Enable Pulse Positive Width 

(10) TAVEL 

Address Setup Time 

(11) TELAX 

Address Hold Time 

(12) TWLWH 

Write Enable Pulse Width 

(13) TWLEH 

Write Enable Pulse Setup Time 

(14) TELWH 

Write Enable Pulse Hold Time 

(15) TDVWH 

Data Setup Time 

(16) TWHDX 

Data Hold Time 

(17) TWLDV 

Write Data Delay Time 

(18) TELEL 

Read or Write Cycle Time 



UNITS 

TEST CONDITIONS 

ns 

(Notes 1,3) 

ns 

(Notes 1,3) 

ns 

(Notes 2, 3) 

ns 

(Notes 2,3) 

ns 

(Notes 2. 3) 

ns 

(Notes 1,3) 

ns 

(Notes 2, 3) 

ns 

(Notes 1, 3) 

ns 

(Notes 1,3) 

ns 

(Notes 1, 3) 

ns 

(Notes 1,3) 

ns 

(Notes 1, 3) 

ns 

(Notes 1,3) 

ns 

(Notes 1,3) 

ns 

(Notes 1, 3) 

ns 

(Notes 1,3) 

ns 

(Notes 1,3) 

ns 

(Notes 1,3) 


NOTES: 

1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 10ns (max); Input and output timing reference level: 
equivalent CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 


1.5V; Output load: 1 TTL gate 


Read Cycie 


» (valid I *DO ) 


(4)—I TEHQZ H 





- TEHEL- 

/ 

- 



■■ 

tehLzU— 



TIME_ 

REFERENCE 


TRUTH TABLE 


TIME 

REFERENCE 



FUNCTION 


Memory Disabled 


Cycle Begins, Addresses are Latched 


Output Enabled 


Output Valid 


Read Accomplished 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 
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HM-92560 


Read Cycle (Continued) 

The address informatjon is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 


enabled but data is not valid until time (T = 2). W must 
remain higMhroughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out¬ 
put buffers into a high impedance mode at time (T = 4). 


Write Cycle 


I |10) JtelaxL 

i TAVEL>" 


TIME_ 

REFERENCE 


-twLIh-^(13) 


(14)J-^Hlwh I htDNANTT3(15) LtwhdxI^I 


TRUTH TABLE 



Write Completed 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 



The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip regis¬ 
ters. If a write cycle iMo be performed where the output is 
not to become active, G can be held high (inactive). TWHDX 
and TDVWHjnust_ be met for proper device operation 
regardless of G . If E and G fall before W falls (read mode), a 
possible bus conflict may exist. If E rises ^fore W rises, ref¬ 
erence data setup and hold times to the E rising edge. The 


write operation is terminated by the fir^ rising edge of W (T 
= 2) or E (T = 3). After the minimum E high time (TEHEL), 
the next cycle may begin. If a ^ries of consecutive write 
cycles are to be performed, the W line may be held low until 
all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising edge 
of E. 
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SEMICONDUCTOR 


HM-92570 


January 1992 


256K Buffered Synchronous 
CMOS RAM Module 


Features 

• Low Standby Current.600|iA/3.5mA 

• Fast Access Time.250ns 

• Data Retention.2.0V 

• Three-State Outputs 

• Organizable As 32K x 8 or 16K x 16 Array 

• Buffered Address And Control Lines 

• On Chip Address Registers 

• 48 Pin DIP Pinout - 2.66" x 1.30” x 0.29" 

• Operating Temperature Range.-55°C to 

+125°C 

Ordering Information 


TEMP. RANGE 


-55°C to +125°C 


HM5-92570-8 


Description 

The HM-92570 is a fully buffered 256K bit CMOS RAM Module con¬ 
sisting of sixteen HM-6516 2K x 8 CMOS RAMs, two 82C82 CMOS 
octal latching bus drivers, and two HCT-138 CMOS 3:8 decoders in 
leadless chip carriers mounted on a multilayer ceramic substrate. The 
HM-92570 RAM Module is organized as two 16K x 8 CMOS RAM 
arrays sharing a common address bus. Separate data input/output 
buses allow the user to format the HM-92570 as either a 16K x 16 or 
32K X 8 array. 

On-board buffers and decoders reduce external package count 
requirements. Write enable, output enable and chip enable control 
signals are buffered along with address inputs. Ceramic capacitors 
sealed in leadless carriers are included on the substrate to reduce 
power supply noise and to reduce the need for external decoupling. 

The synchronous design of the HM-92570 provides low operating 
power along with address latches for ease of Interface to multiplexed 
address/data bus microprocessors. 

The HM-92570 is physically constructed as an extra wide 48 pin 
dual-in-line package with standard 0.1" centers between pins. This 
package technique combines the high packing density of CMOS and 
leadless chip carriers with the ease of use of DIP packaging. 


48 LEAD MODULE 

TOP VIEW 



DESCRIPTION 


Address input 


DQ Data Input/Output 


GX Output Enable 

EXX Chip Enable 



Write Enable 


NC No Connection 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 « 
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Organizational Guide 

FOR 32K X 8 CONFIGURATION 

Connect: Pin 16 (DQO) to Pin 33 (DQ8) 

Pin 17 (DQ1) to Pin 32 (DQ9) 

Pin 18 (DQ2) to Pin 31 (DQIO) 

Pin19(DQ3)to Pin 30 (DQ11) 

Pin 20 (DQ4) to Pin 29 (DQ12) 

Pin 21 (DQ5) to Pin 28 (DQ13) 

Pin 22 (DQ6) to Pin 27 (DQ14) 

Pin 23 (DQ7) to Pin 26 (DQ15) 

FOR 16K X 16 CONFIGURATION 

Connect: Pin 9 (ETA)to Pin 40 ( EIB) 

Pin 10 (E2A) to Pin 39 (E2B) 

Pin 11 (E3A)to Pin38jE3B) 

Pin 13 (GA) to Pin 36 (GB) 

Concerns for Proper Operation of Chip Enables: 

The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 16K x 16 
mode, use the chip enables as if there were only three, El 
thru E3. In the 32K x 8 mode, all chip enables must be 
treated separately. Transitions between chip enables must 


be treated with the same timing constraints that apply to any 
one chip enable. All chip enables must be high at least one 
chip enable high time (TEHEL) before any chip enable can 
fall. As the HM-92570 Is a synchronous memory, every 
address transition must be accompanied by a chip enable 
transition (see timing diagrams). More than one chip enable 
low simultaneously, for devices whose outputs are tied com¬ 
mon either internally or externally, is an illegal input condition 
and must be avoid^. To properly decode the chip enables, 
addresses All, A12, and A13 must be valid for the duration 
of TAVAV. 

Printed Circuit Board Mounting: 

The leadiess chip carrier packages used in the HM-92570 
have conductive lids. These lids are electrically connected to 
GND.The designer should be aware of the possibility that the 
carriers on the bottom side could short conductors below if 
pressed completely down against the surface of the circuit 
board. The pins on the package are designed with a standoff 
feature to help prevent the leadless carriers from touching 
the circuit board surface. 
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Specifications HM-92570 


Absolute Maximum Ratings 

Supply Voltage.+7.0V Junction Temperature.+175°C 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s).+300°C 

Storage Temperature Range.-65°C to +150°C Gate Count.417200 Gates 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.... 


+4.5V to +5.5V Operating Temperature Range.-55°C to +125°C 


DC Electrical Specifications vcc 5 V ± io%; Ta = to +i25°c (hm-92570-8) 



PARAMETER 


Standby Supply Current 


Operating Supply Current (16K x 16) (Note 3) 


ICCOP Operating Supply Current (32K x 8) (Note 3) 


ICCDR Data Retention Supply Current 


VCCDR Data Retention Supply Voltage 


Input Leakage Current 


Input/Output Leakage Current 


Input Low Voltage 


Input High Voltage 


Output Low Voltage 


Output High Voltage 


Output High Voltage (Note 2) 



Capacitance Ta = +25°c 


PARAMETER 


Address Input Capacitance (Note 2) 


Decoder Enable Input Capacitance (16K x 16) 
(Note 2) 


Decoder Enable Input Capacitance (32K x 8) 
(Note 2) 


Output Enable Input Capacitance (16K x 16) 
(Note 2) 


Output Enable Input Capacitance (32K x 8) 
(Note 2) 


Input/Output Capacitance (16K x 16) (Note 2) 


Input/Output Capacitance (32K x 8) (Note 2) 


Write Input Capacitance (Note 2) 


CCVCC Decoupling Capacitance (Note 2) 


NOTES: 

1. VCC = 4.5V and 5.5V. 

2. Tested at initial design and after major design changes. 

3. ICCOP Is proportional to operating frequency. 



(NOTE 1) TEST CONDITIONS 


10 = 0mA, VI = VCC or GND 


E = 1 MHz, 10 = 0mA, VI = VCC or 
GND, G= VCC 


pA VCC = 2.0V, 10 = 0mA, VI = VCC or 
GND, E = VCC 


pA VI = VCC or GND 


pA VO = VCC or GND 



V 10 =-0.4mA 


IO=-100pA 



UNITS I TEST CONDITIONS 


pF VI = VCC or GND, f = 1 MHz 


pF VI = VCC or GND, f = 1 MHz 


pF VI = VCC or GND, f= 1MHz 


pF VI = VCC or GND, f = 1 MHz 


pF VI = VCC or GND, f = 1 MHz 


pF VI/0 = VCC or GND, f = 1 MHz 


pF VI/0 = VCC or GND, f = 1 MHz 


pF VI = VCC or GND, f = 1 MHz 


pF f=1MHz 
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Specifications HM-92570 


AC Electrical Specifications vcc = 5V ± io%; >55<>c to (mm-92570-8) 


PARAMETER 


Chip Enable Access Time 


Address Access Time 


Chip Enable Output Enable Time 


Chip Enable Output Disable Time 


Output Enable Output Enable Time 


Output Enable Output Valid Time 


Output Enable Output Disable Time 


Chip Enable Pulse Negative Width 


Chip Enable Pulse Positive Width 


Address Setup Time 


Address Hold Time 


Write Enable Pulse Width 


Write Enable Pulse Setup Time 


Write Enable Pulse Hold Time 


Data Setup Time 


Data Hold Time 


Write Data Delay Time 


Read or Write Cycle Time 


Enable Decoder Address Valid Time 


(1) TELQV 


(2) TAVQV 


(3) TELQX 


(4) TEHQZ 


(5) TGLQX 


(6) TGLQV 


(7) TGHQZ 


(8) TELEH 


(9) TEHEL 


(10) TAVEL 


(11) TELAX 


(12) TWLWH 


(13) TWLEH 


(14) TELWH 


(15) TDVWH 


(16) TWHDX 


(17) TWLDV 


(18) TELEL 


(19) TAVAV 


NOTES: 

1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 10ns (max); Input and output timing reference 
equivalent CL = sOpF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. Includes All, A12,A13. 

4. VCC = 4.5V and 5.5V. 


Read Cycle 


TEST CONDITIONS 


(Notes 1,4) 


(Notes 1,4) 


(Notes 2,4) 


(Notes 2,4) 


(Notes 2,4) 


(Notes 1.4) 


(Notes 2.4) 


(Notes 1,4) 


(Notes 1.4) 


(Notes 1,3,4) 


(Notes 1,4) 


(Notes 1,4) 


(Notes 1,4) 


(Notes 1,4) 


(Notes 1,4) 


(Notes 1.4) 


(Notes 1,4) 


(Notes 1.4) 


(Applies Only to A11. A12, A13) 


) level: 1.5V; Output load: 1 TTL gate 


•E3A and E36 ate oppotiia polarity ol E1A 




TRUTH TABLE 


A11,A12, 

A13 


DATA VO 
DO 



Memory Disabled 


Cycle Begins, Addresses are Latched 


Output Enabled 


Output Valid 


Read Accomplished 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 
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HM-92570 


Read Cycle (Continued) 

The address informatjon is latched in the on chip registers remain higMhroughout the read cycle. After the data has 
on the falling edge of E (T = 0), minimum address setup and been read, E may return high (T = 3). This will force the out- 


hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs b^ome 
enabled but data is not valid until time (T = 2), W must 


put buffers into a high impedance mode at time (T = 4). G is 
used to disable the output buffers when in a logical “1” state 
(T = -1,0,3, 4, 5). After (T = 4) time, the memory is ready for 
the next cycle. 


Write Cycle 




I TAVEL f^(lO) 


*E3A and E3B ara opposite polarity of E1A 


(15) L TWHDX (16) 


TRUTH TABLE 




The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address Information in the on chip regis¬ 
ters. If a write cycles to be performed where the output is not 
to become active, G can be held high (inactive). TDVWH and 
TV^DXjmust ^ met for projger device operation regardless 
of G. If E and G fall before W falls (readjmode), a possible 
bus conflict may exist. If E rises before W rises, reference 


Prepare For Next Cycle (Same As -1) 


Cycle Ends, Next Cycle Begins (Same As O) 


data setup and hold times to the E rising edg^The write 
operation Is terminated by the fi^rst rising edge of W (T = 2) or 
E (T = 3). After the minimum E high time (TEHEL), the next 
cycle may begin. If ^series of consecutive write cycles are to 
be performed, the W line may be held low until all desired 
locations have been written. In this case, data ^tup and hold 
times must be referenced to the rising edge of E. 
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SEMICONDUCTOR 


HM-91M2 


January 1992 


1M Bit Asynchronous 
CMOS Static RAM Moduie 


Features 

• Low Standby Current.900^A 

• Low Operating Supply Current.10/20mA 

• Fast Address Access Time.180ns 

• Low Data Retention Supply Voltage.2.0V 

• CMOS/TTL Compatible Inputs/Outputs 

• Buffered Address and Control Lines 

• 48 Pin DIP Pinout.2.66 x 1.3 x 0.3” 

• Operating Temperature Range.-55®C to +125®C 

Description 


The HM-91M2 is a fully buffered 1,048,572 bit CMOS RAM 
module consisting of sixteen HM-65642 8K x 8 CMOS 
RAMs, two 82C82 CMOS octal buffers, and two HCT-138 
CMOS 3:8 decoders in leadless chip carriers mounted on a 
multi-layer, co-fired, ceramic substrate. The HM-91M2 
CMOS RAM module Is organized as two 64K x 8 RAM 
arrays sharing a common address bus and write enable 
input. Separate data input/output buses allow the user to for¬ 
mat the HM-91 M2 as either a 64K x 16 or 128K x 8 bit array. 

The on-substrate CMOS buffers and decoders on the HM- 
91 M2 reduce the system package count and minimize the 
capacitive load on the system address and control buses. In 
addition to this, the HM-91 M2 has on-substrate decoupling 
capacitors mounted in leadless chip carriers to reduce power 
supply noise and minimize the need for external decoupling 
while ensuring high reliability, even In harsh environments. 

The HM-91 M2 is physically constructed as an extra wide 48 
pin dual-in-line package with standard 0.1” centers between 
pins to combine the high density of CMOS and leadless chip 
carriers with the ease of use of DIP packaging. 

The HM-65642 RAMs used on the HM-91 M2 module are full 
CMOS devices, utilizing arrays of six-transistor (6T) memory 
ceils for the most stable and lowest possible standby and 
data retention supply current over full military operating tem¬ 
perature range. In addition to this, the high stability of the 6T 
cell provides excellent protection against soft errors due to 
power supply noise and alpha particles. This stability also 
improves the radiation tolerance of the module over that of 
RAMs utilizing four transistor (4T) Mix-MOS memory cells. 


Ordering Information 


PKG 

TEMP. RANGE 

180ns 

200ns 

Moduie 

-55°C to +125°C 

HM5-91M2B-8 

HM5-91M2-8 


Pinout 

48 LEAD MODUL 

TOP VIEW 


gnd[T 


ID VCC 

A7[T 


47 ] AO 

A8[T 


m A1 

A9[T 


HI A2 

AlOfT 


44 ] A3 

All fT 


43 ] A4 

A12[T 


HI AS 

A13[T 


4 ]] AS 

EiA[T 


4^ eTb 

IE 


m mm 




EE 


ES 

GA[]3 


^ GB 

A14[14 


35 ] NC 

AISQI 


HI s 

DQOQI 


m DQ8 

DQ1[]7 


Ml DQ8 

DQ2[7| 


M] DQ10 

DQ 3 Q 9 


Ml DQ11 

DQ4f20 


^ DQ12 

DQ5[27 


28] DQ13 

DQ6[22 


27 ] DQ14 

DQ7[23 


261 DQ15 

VCC[24 


25l GND 


PIN NAMES 


PIN 

DESCRIPTION 

A 

Address Input 

DQ 

Data inpul/Output 


Output Enable 

EXX 

Chip Enable 

W 

Write Enable 

NC 

No Connection 

S 

Module Select 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pjjg 3011 

Copyright © Harris Corporation 1992 « 
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Organizational Guide 

FOR 128K X 8 CONHGURATION 

Connect: Pin 16 (DQO) to Pin 33 (DQ8) 

Pin 17 (DQ1) to Pin 32 (DQ9) 

Pin 18 (DQ2) to Pin 31 (DQ10) 

Pin 19 (DQ3) to Pin 30 (DQ11) 

Pin 20 (DQ4) to Pin 29 (DQ12) 

Pin 21 (DQ5) to Pin 28 (DQ13) 

Pin 22 (DQ6) to Pin 27 (DQ14) 

Pin 23 (DQ7) to Pin 26 (DQ15) 

FOR 64K X 16 CONFIGURATION 

Connect: Pin 9 ( El A) to Pin 40 ( El B) 

Pin 10 (E2A) to Pin 39 (E2B) 

Pin 11 (E3A) to Pin 38 ]E3B) 

Pin 13 (GA) to Pin 36 (GB) 

Concerns for Proper Operation of Chip Enables: 

The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 64K x 16 
mode use the chip enables as if there were only three, El thru 
E3. In the 128K x 8 mode all chip enables must be treated 
separately. Transitions between chip enables must be treated 
with the same constraints that apply to any one chip enable. 
More than one (internal) chip enable low simultaneously, for 
devices whose outputs are tied together either internally or 
externally, is an illegal input condition and must be avoided. 


Printed Circuit Board Mounting: 

The leadless chip carrier packages used in the HM-91M2 
have conductive lids. These lids are electrically connected to 
GND.The system designer should be aware that the carriers 
on the bottom side could short conductors below if pressed 
completely down against the surface of the circuit board. The 
pins on the package are designed with a standoff feature to 
help prevent the leadless carriers from touching the circuit 
board surface. 


Low Voltage Data Retention 

Harris CMOS RAMs are designed with battery backup in 
mind. Data retention voltage and supply current are guaran¬ 
teed over temperature. The following rules insure data reten¬ 
tion: 

1. The module must be kept disabled during data retention. 
The Chip Enable (E3A and E3B) and module select (S) 
must be between -0.3V and +0.3V. 

2. During power-up and power-down transitions. S must be 
held between -0.3V and 10% of VCC. 

3. The RAM module can begin operation one TAVAX after 
VCC reaches the minimum operating voltage (4.5V). 
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Specifications HM-91M2 


Absolute Maximum Ratings 

Supply Voltage.-fT.OV Junction Temperature.+175°C 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s).+300°C 

Storage Temperature Range.-65°C to +150°C Gate Count.1619000 Gates 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.+4.5V to +5.5V Operating Temperature Range.-55°C to +125°C 


DC Eiectricai Specifications vcc = 5 V ± io%; t^ = -55°c to +i25°c ( hm-91M2B-8, hm91M2-8) 


TEST CONDITIONS (NOTE 1) 


10 = 0, E3 = S = 0.3V, VCC = 5.5V 


SYMBOL 

PARAMETER 

ICCSB1 

Standby Supply Current (CMOS) 

ICCSB 

Standby Supply Current (TTL) 

ICCEN 

Enabled Supply Current 128K x 8 

64KX16 

ICCOP 

Operating Supply Current 128K x 8 

(Note 2) 64KX16 

ICCDR 

Data Retention Supply Current 

II 

Input Leakage Current 

IIS 

Module Select Input Current 

lIOZ 

Input/Output Leakage Current 

VCCDR 

Data Retention Supply Voltage 

VOL 

Output Low Voltage 

VOH1 

Output High Voltage 

VOH2 

Output High Voltage (Note 3) 

VIL 

Input Voltage Low 

VIH 

Input Voltage High 


900 

pA 

2.0 

mA 

5.0 

mA 

10 

mA 

10 

mA 

20 

mA 

750 

pA 




VCC-0.4 


-0.3 


10 = 0, f = 1MHz, El = E2 = VIL, S = VCC 
E3 = VIH, VCC = 5.5V, VIN = VCC or GND 


E3 = S = 0.3V, VCC = 2.0V 


Vi = VCC or GND, VCC = 5.5V 


VIN = VCC or GND, VCC = 5.5V 


VIO = VCC or GND, VCC = 5.5V 


lOL = 4.0mA, VCC = 4.5V 


lOH =-1.0mA, VCC = 4.5V 


lOH = -lOOpA, VCC = 4.5V 


0.8 


VCC+0.3 



Capacitance Ta = •i-25<^c (Note 3) 




SYMBOL 

PARAMETER 

MAX 

UNITS 

TEST CONDITIONS 

Cl 

Input Capacitance (Except S) 

25 

PF 

f=1MHz,VA = VCCorGND 

CDQ 

Data I/O Capacitance 

150 

PF 

f = 1 MHz, VDQ and VG = VCC or GND 

CIS 

Module Select Input Capacitance 

150 

pF 

f = 1MHz, VEN = VCC or GND 




1. All devices tested at worst case temperature and supply voltage limits. 

2. Typical derating: 128K x 8: 5mA/MHz increase In ICCOP; 64K x 16: lOmA/MHz. 

3. Guaranteed but not tested. 
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Specifications HM-91M2 


AC Electrical Specifications vcc=:5V±io%;TA = -55°cto+i25°C(HM-9iM2B-8, hm9im2-8) 


SYMBOL 


READ CYCLE 


(1) TAVAX 


(2) TAVQV 


(3) TEVQV 


(4) TSHQV 


(5) TGLQV 


(6) TEVQX 


(7) TSHQX 


(8) TGLQX 


(9) TAXQX 



HM-91M2B-8 


LIMITS 


MAX MIN 


HM91M2-8 


LIMITS 


TEST 

CONDITIONS 

(NOTES 1.2) 


Read Cycle Time 


Address Access Time 


Chip Enable Access Time 


Module Select Access Time 


Output Enable Access Time 


Chip Enable Output Enable Time 


Module Select Output Enable Time 


Output Enable Time 


Address Output Hold Time 



WRITE CYCLE 


(13) TAVAX Write Cycle Time 


(14) TWLWH Write Pulse Width 


(15) TEVWH Chip Enable to End of Write 


(16) TEVEX Chip Enable to End of Write 


(17) TSHSL Chip Enable to End of Write 


(18) TAVWL Address Setup Time 


(19) TAVEV Address Setup Time 


(20) TAVSH Address Setup Time 


(21) TWHAX I Write Recovery Time 


(22) TEXAX Write Recovery Time 


(23) TSLAX Write Recovery Time 


(24) TDVWH Data Setup Time 


(25) TDVEX Data Setup Time 


(26) TDVSL Data Setup Time 


(27) TWHDX Data Hold Time 


(28) TEXDX Data Hold Time 


(29) TSLDX Data Hold Time 


(30) TWLQZ Write Enable Output Disable Time 


(31) TWHQX Write Disable Output Enable Time 


W Controlled 


E Controlled 


S Controlled 


E Controlled 


S Controlled 


W Controlled 


E Controlled 


S Controlled 


(Notes 3, 4) 


(Note 3) 


(Note 3) 


(Note 3) 


(10) TEXQZ 

Chip Disable Output Disable Time 

0 

75 

0 

85 

ns 

(Notes 3, 4) 

(11) TSLQZ 

Module Select Output Disable Time 

0 

50 

0 

60 

ns 

(Note 3) 

(12) TGHQZ 

Output Disable Time 

0 

60 

0 

70 

ns 

(Note 3) 



(Notes 3, 4) 


(Note 3) 


(Note 3) 


(Note 3) 



1. All devices tested at worst case temperature and supply voltage limits. 

2. Input pulse levels: 0 to 3.0V; Input rise and fall times: 10ns max; Input and output timing reference level: 1.5V; Output load: 1TTL gate 
equivalent and CL = lOOpF min including scope and jig - for CL greater than lOOpF, access time is derated by 0.15ns/pF. 

3. Guaranteed but not tested. 

4. Enable valid (EV) in a parameter is determined by the last transition that results in the combination of eT low, E2 low and E3 high. Enable 
invalid (EX) in a parameter is determined by the first transition that results in any other combination than El low, E2 low and E3 high. 
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Timing Diagrams (Continued) 

WRITE CYCLE 1: W CONTROLLED (NOTE 1 ) 



WRITE CYCLE 2: El, E2, or E3 CONTROLLED (NOTE 2) 


tavax(13)- 



TWHQX 















HM-91M2 


Timing Diagrams (Continued) 

WRITE CYCLE 1: S CONTROLLED (NOTE 3) 



1. In Write Cycle 1, the module Is first enabled, and then data Is strobed Into the RAM with a pulse on (W). If G Is held high for the entire 
cycle, the out[puts will remain in the high impedance state, if G is held low, it may be necessary to lengthen the cycle to prevent bus 
contention. This would occur if TWLQZ and TDVWH overlapped. 

2. In Write Cycle 2, Address (A) and Write Enable (W) are first set up, and then data is strobed into the RAM with a pulse on E. 

3. in Write Cycle 3, Addresses (A), Write Enable (W) and the Chip Enable inputs (^, E2 and E3) are first set up and data is then strobed 
into the RAM with the Module Select (S) input. 

TRUTH TABLE 


s 

I I 


ESA 

E1B 1 


E3B 

GA 

GND 

Dl 

X 

GND 

B 

B 

GND 

X 

VIL 

Dl 

X 

B 

X 

X 

X 

X 

X 

VIH 

X 

X 

X 

X 

X 

X 

X 

D 

VIH 

X 

B 

B 

X 

X 

X 

X 

X 

VIL 

X 

X 

X 

X 

X 

X 

X 

X 

VIH 

X 

X 

X 

X 

X 

X 

X 

B 

VIH 

X 

X 

X 

X 

X 

X 

X 

X 

VIL 

X 

VIH 

VIL 

VIL 

VIH 

X 

X 

X 

VIH 

VIH 

X 

X 

X 

VIL 

VIL 

VIH 

X 

VIH 

VIL 

VIL 

VIH 

X 

X 

X 

VIL 

VIH 

IBB 

B 

VIL 

VIL 

VIH 

B 

VIH 

VIL 

VIL 

VIH 

X 

X 

X 

X 

VIH 

IB 

X 

X 

VIL 

VIL 

VIH 

B 


MODE 


Standby (CMOS) Sides A and B 


Standby (TTL) Sides A and B 


Standby (TTL) Side A 


Standby (TT:L) Side A 


Standby (TTL) Side A 


Standby (TTL) Side B 


Standby (TTL) Side B 


Standby (TTL) Side B 


VIH Side A Enabled, Outputs High Impedance 


VIH Side B Enabled, Outputs High Impedance 


VIH Read Side A 


VIH Read Side B 


VIL Write Side A 


VIL Write Side B 


1. Side A refers to the half of the module that connects to DQO through DQ7 and side B refers to the half of the module that conncets to DQ8 
through DQ15. When the module is configured as a 64K x 16 array, side A and side B may be enabled either simulaneously or separately. 
When the array Is configured as a 128K x 8 array, side A and B should not be enabled simultaneously, as bus contention could result. 
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HM-6642 



Features 

• Low Power Standby and Operating Power 

- ICCSB.lOO^A 

- ICCOP.20mAat1MH2 

• Fast Access Time. 120/200ns 

• Industry Standard Pinout 

• Singie 5.0 Voit Supply 

• CMOS/TTL Compatible Inputs 

• Field Programmable 

• Synchronous Operation 

• On-Chip Address Latches 

• Separate Output Enable 


Description 

The HM-6642 Is a 512 x 8 CMOS NiCr fusible link 
Programmable Read Only Memory in the popular 24 pin, 
byte wide pinout. Synchronous circuit design techniques 
combine with CMOS processing to give this device high 
speed performance with very low power dissipation. 

On-chip address latches are provided, allowing easy 
interfacing with recent generation microprocessors that use 
multiplexed addresss/data bus structures, such as the 8085. 
The output enable controls, both active low and active high, 
further simplify microprocessor system interfacing by 
allowing output data bus control independent of the chip 
enable control. The data output latches allow the use of the 
HM-6642 In high speed pipelined architecture systems, and 
also in synchronous logic replacement functions. 

Applications for the HM-6642 CMOS PROM include low 
power handheld microprocessor based instrumentation and 
comunications systems, remote data acquisition and 
processing systems, processor control store, and synchro¬ 
nous logic replacement. 

All bits are manufactured storing a logical “0” and can be 
selectively programmed for a logical “1” at any bit location. 


Ordering Information 


PACKAGE 

TEMPERATURE RANGE 

120n8 

200ns 

Ceramic DIP 

-40®C to +85°C 

HM1-6642B-9 

HM1-6642-9 

/883* 

-55°C to +125°C 

HM1-6642B/883 

HM1-6642/883 

SMD# 


5962-8869002JA 

5962-88690piJA 

SUM 

-40°C to +85°C 

HM6-6642B-9 

HM6-6642-9 

/883* 

-55®C to +125°C 

HM6-6642B/883 

HM6-6642/883 

SMD# 


5962-8869002LA 

5962-8869001 LA 

LCC 

-40°CtO+85°C 

HM4-6642B-9 

HM4-6642-9 

/883* 

-55°C to +125°C 

HM4-6642B/883 

HM4-6642/883 

SMD# 


5962-88690023A 

5962-88690013A 


Respective /883 specifications are included at the end of this datasheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
Copyright ® Harris Corporation 1992 
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HM-6642 


Pinouts 


24 LEAD DIP 

TOP VIEW 


28 LEAD LCC 

TOP VIEW 


PIN DESCRIPTION 



DESCRIPTION 


, LI J L3 J L2 J M J L28J L2Zj L26j 


“X 


NC 

No Connect 

r— ' 

[25 

G2 

A0-A8 

Address inputs 

&: 

G3 

E 

Chip Enable 


E 

Q 

Data Output 

r-“ 

191 

P 

NC 

VCC 

Power (+5V) 

lII. 

L20_ 

Q7 

GT,^,G3 

Output Enable 

p— 

III 

Q6 

P* 

Program Enable 


P should be hardwired to GND 
except during programming. 
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Programming 

Introduction 

The HM-6642 is a 512 word by 8-bit field Programmable 
Read Only Memory utilizing nicrome fusible links as pro¬ 
grammable memory elements. Selected memory locations 
are permanently changed from their manufactured state, of 
all low (VOL) to a logical high (VOH), by the controlled 
application of programming potentials and pulses. Careful 
adherence to the following programming specifications will 
result in high programming yield. Both high VCC (6.0V) and 
low VCC (4.0V) verify cycles are specified to assure the 
Integrity of the programmed fuse. This programming 
specification, although complete, does not preclude rapid 
programming. The worst case programming time required is 
37.4 seconds, and typical programming time can be 
approximately 4 seconds per device. 

The chip (E) and output enable (G) are used during the 
programming procedure. On PROMs which have more than 
one output enable control G3 is to be used. The other output 
enables must be held in the active, or enabled, state 
throughout the entire programming sequence. The program¬ 
mer designer is advised that all pins of the programmer’s 
socket should be at ground potential when the PROM Is 
Inserted Into the socket. VCC must be applied to the PROM 
before any Input or output pin Is allowed to rise* . 

Overall Programming Procedure 

1. The address of the first bit to be programmed \s^ 
presented, and latched by the chip enable (E) falling 
edge. The output is disabled by taking the output enable 
G Low; The programming pin is enabled by taking (P) 
high. 

2. VCC is raised to the programming voltage level, 12.5V. 

3. All data output pins are pulled up to VCC program. Then 
the data output pin corresponding to the bit to be 
programmed Is pulled low for 100ms. Only one bit should 
be programmed at a time. 

4. The data output pin Is returned to VCC, and the VCC pin 
Is returned to 6.0V. 

5. The address of the bit is again presented, and latched by 
a second chip enable falling edge. 


6. The data outputs are enabled, and read, to verify that the 
bit was successfully programmed. 

a) . If verified, the next bit to be programmed is addressed 

and programmed. 

b) . If not verified, the programs verify sequence Is 

repeated up to 8 times total. 

7. After all bits to be programmed have been verified at 6.0V, 
the VCC Is lowered to 4.0V and all bits are verified. 

a) . If all bits verify, the device is properly programmed. 

b) . If any bit falls to verify, the device is rejected. 

Programming System Requirements 

1. The power supply for the device to be programmed must 
be able to be set to three voltages: 4.0V, 6.0V, 12.5V. This 
supply must be able to supply 500mA average, and 1A 
dynamic, currents to the PROM during programming. The 
power supply rise fall times when switching between volt¬ 
ages must be no quicker than 1ms. 

2. The address drivers must be able to supply a VIH of 4.0V 
and 6.0V and VIL when the system is at programming 
voltages.* 

3. The control Input buffers must be able to maintain Input 
voltage levels of > 70% and ^ 20% VCC for VIH and VIL 
levels, respectively. Notice that chip enable (E) and G 
does not require a pull up to programming voltage levels. 
The program control (P) must switch from ground to VIH 
and from VIH to the VCC PGM level.* 

4. The data Input buffers must be able to sink up to 3mA 
from the PROM’s output pins without rising more than 
0.7V above ground, be able to hold the other outputs high 
with a current source capability of 0.5mA to 2.0mA, and 
not Interfere with the reading and verifying of the data 
output of the PROM. Notice that a bit to be programmed 
is changed from a low state (VOL) to high (VOH) by 
pulling low on the output pin. A suggested 
implementation is open collector TTL buffers (or 
inverters) with 4.7kf2 pull up resistors to VCC.* 

* Never allow any input or output pin to rise more than 0.3V above 

VCC, or fall more than 0.3V below ground. 
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Background Information HM-6642 Programming 

PROGRAMMING SPECIFICATIONS 


SYMBOL 

PARAMETER 

VCC PRCX3 

Programming VCC 

VCCN 

Operating VCC 

VCCLV 

Special Verify VCC 

ICC 

System ICC Capability 

ICC Peak 

Transient ICC Capability 

PROM INPUT PINS 

VOL 

Output Low Voltage (To PROM) 

VOH 

Output High Voltage (To PROM) 

lOL 

Output Sink Current (At VOL) 

lOH 

Output Source Current (At VOH) 

PROM DATA OUTPUT PINS 

VOL 

Output Low Voltage (To PROM) 

VOH 

Output High Voltage (To PROM) 

lOL 

Output Sink Current (At VOL) 

lOH 

Output Source Current (At VOH) 

td 

Delay Time 

tr 

Rise Time 

tf 

Fall Time 

TEHEL 

Chip Enable Pulse Width 

TAVEL 

Address Valid to Chip Enable Low Time 

TELQV 

Chip Enable Low to Output Valid Time 

tpw 

Programming Pulse Width 

tip 

Input Leakage at VCC = VCC PROG 

TA 

Ambient Temperature 



70%VCC VCC 


0.01 


GND 20% VCC 


VCC +0.3 
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Specifications HM-6642 


Absolute Maximum Ratings 

Supply Voltage.+7.0V 

Input, Output or I/O Voltage.GND-0.3V to VCC+0.3V 

Storage Temperature Range.-65°C to +150°C 

Junction Temperature.+175®C 

Lead Temperature (Soldering 10s).+300®C 

Typical Derating Factor.5mA/MHz increase In ICCOP 

ESD Classification.Class 1 


Reliability information 

Thermal Resistance. 


Ceramic DIP Package. 52°C/W 20°C/W 

Ceramic LCC Package. 58°C/W 19°C/W 

Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package.0.96W 

Ceramic LCC Package.0.86W 

Gate Count.1680 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 
of Vie device at these or any other conditions above those indicated in the opemtional sections of this specification is not implied. 


Operating Conditions 

operating Voltage Range.... 


+4.5V to +6.5V Operating Temperature Range 

HM-6642B-9, HM-6642-9 .-40°C to +85°C 


DC Electrical Specifications vcc = 5V ± i-%; Ta = -40°c to +85°c (hm-6642B-9, hm-6642-9) 


I LIMITS 

PARAMETER 


Standby Supply Current 


Operating Supply Current (Note 3) 


SYMBOL 


ICCSB 


ICCOP 


TEST CONDITIONS 


lO = 0, VI = vcc or GND, VCC = 5.5V 


input Leakage Current 


Output Leakage Current 


input Low Voltage 


Input High Voltage 


Output Low Voltage 


Output High Voltage 


Output High Voltage (Note 2) 


AC Electricai Specifications 


SYMBOL PARAMETER 


(1) TELQV Chip Enable Access Time 


(2) TAVQV Address Access Time 

(TAVQV = TELQV + TAVEL) 


Output Enable Access Time 


Output Enable Time 


Output Disable Time 


Chip Enable Pulse Negative Width 


Read Cycle Time 


Chip Enable Pulse Positive Width 


Address Setup Time 


Address Hold Time 





(3) TGVQV 


(4) TGVQX 


(5) TGXQZ 


(6) TELEH 


(7) TELEL 


(8) TEHEL 


(9) TAVEL 


(10) TELAX 


Capacitance Ta = +25°c 



SYMBOL PARAMETER 


Cl Input Capacitance (Note 2) 


CO I Output Capacitance (Note 2) 



10.0 

pF 

12.0 

pF 


f = 1 MHz, 10 = 0, VI = VCC or GND, 
VCC = 5.5V 


GND ^ VI < VCC, VCC = 5.5V 


GND < VO < VCC, VCC = 5.5V 


VCC = 4.5V 


VCC = 5.5V 


lOL = 3.2mA, VCC = 4.5V 


IOH =-1.0mA, VCC = 4.5V 


IOH=:-100pA, VCC = 4.5V 


TEST CONDITIONS 


Notes 1,4 


Notes 1,4 


Notes 1,4 


Notes 2,4 


Notes 2,4 


Notes 1,4 


Notes 1,4 


Notes 1,4 


Notes 1,4 


Notes 1,4 


TEST CONDITIONS 


f = 1 MHz, All Measurements Reference Device 
Ground 




NOTES: 1. input pulse levels: 0 to 3.0V; input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent CL = 50pF (min) - for CL greater than 50pF, access time time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. Typical derating 5mA/MHz increase in ICCOP. 

4. VCC = 4.5V and 5.5V 
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HM-6642 


Switching Waveform 

READ CYCLE 


TIME 

REFERENCE 


-►-TELAX-.-j(]0) 

ADD VALID 


TGVQX 

^ 14) k- 

TV -^TGVQV - 

13) 


telel(71- 


DATA VALID 



-TGXQZ (5) 



Test Load Circuit 


* G has the same timing as G except signal is inverted. 


T)|0H ©1-5V (j)'OL 


• TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


EQUIVALENT CIRCUIT 
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SEMICONDUCTOR 


HM-6642/883 


January 1992 


512x8 CMOS PROM 


Features 

• This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

• Low Power Standby and Operating Power 

- ICCSB.lOOpA 

- ICCOP.20mAat1MHz 

• Fast Access Time. 120/200ns 

• Wide Operating.-55®Cto+125®C 

Temperature Range 

• Industry Standard Pinout 

• Single 5.0 Volt Supply 

• CMOS/TTL Compatible inputs 

• Field Programmable 

• Synchronous Operation 

• On-Chip Address Latches 

• Separate Output Enable 


Description 

The HM-6642/883 is a 512 x 8 CMOS NiCr fusible link 
Programmable Read Only Memory in the popular 24 pin, 
byte wide pinout. Synchronous circuit design techniques 
combine with CMOS processing to give this device high 
speed performance with very low power dissipation. 

On-chip address latches are provided, allowing easy 
interfacing with recent generation microprocessors that use 
multiplexed addresss/data bus structures, such as the 8085. 
The output enable controls, both active low and active high, 
further simplify microprocessor system interfacing by 
allowing output data bus control independent of the chip 
enable control. The data output latches allow the use of the 
HM-6642/883 in high speed pipelined architecture systems, 
and also in synchronous logic replacement functions. 

Applications for the HM-6642/883 CMOS PROM include low 
power handheld microprocessor based instrumentation and 
comunications systems, remote data acquisition and 
processing systems, processor control store, and synchro¬ 
nous logic replacement. 

All bits are manufactured storing a logical **0” and can be 
selectively programmed for a logical “1" at any bit location. 


Pinouts 

HM1-6642/883 (CERAMIC DIP) 
TOP VIEW 



HM4-6642/883 CERAMIC LCC) 
TOP VIEW 


LIJ Llj 1.2j ni L28J L27J L26J ^ _ 

5 I “ • 25^ G2 


;i2i >13! 114; |15| M6! >171 |18! 


PIN DESCRIPTION 


DESCRIPTION 


A0-A6 Address Inputs 

E Chip Enable 

Q Data Output 

VCC Power (+5V) 

G3 Output Enable 
P* Program Enable 

* P should be hardwired to GND 
except during programming. 


CAUTION; Those devices are sensitive to electrostatic discharge. Us^ should fc^tow proper t.C. Handling Procedures. 
Copyright Harris Corporation 1992 


File Number 3013 
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Specifications HM-6642/883 


Absolute Maximum Ratings 


Reliability Information 



Supply Voltage. 

.+7.0V 

Thermal Resistance. 

®ja 

®jC 

Input, Output or I/O Voltage. 

....GND-0.3VtoVCC+0.3V 

Ceramic DIP Package. 

52°C/W 

20°C/W 

Storage Temperature Range. 

.-65°C to +150°C 

Ceramic LCC Package. 

68°C/W 

19°C/W 

Junction Temperature. 

.+175°C 

Maximum Package Power Dissipation at +125°C 


Lead Temperature (Soldering 10s)... 

. +300°C 

Ceramic DIP Package. 


.0.96W 

Typical Derating Factor. 

5mA/MHz Increase In ICCOP 

Ceramic LCC Package. 


.0.86W 

ESD Classification. 


Gate Count. 


.. .1680 Gates 

CAUTION: Stresses above those listed in ‘Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other conditions above those indicated in the operational sections of this specificatbn is not implied. 



Operating Conditions 

Operating Voltage Range. 

.±4.5V 

Input Low Voltage. 


.-0.3Vto+0.8V 

Operating Temperature Range. 

.-55°C to +125°C 

Input High Voltage. 

.2.4toVCC+0.3V 

TABLE 1. 

HM-6642/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 



Device Guaranteed and 100% Tested 






VOL VCC = 4.5V, 
10 = +3.2mA 


(NOTES 1,4) GROUP A 

PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN | MAX UNITS 


High Level Output VOH VCC = 4.5V, 

Voltage 10 =-1.0mA 


Low Level Output 
Voltage 


High Impedance 
Output Leakage 
Current 


Input Leakage 
Current 


Standby Supply 
Current 



VCC, P Not Tested 


ICCSB VI = VCC or GND, 

VCC = 5.5V, lO = 0mA 


Operating Supply ICCOP 

Current 


Functional Test 



VCC = 4.5V (Note 5) 


1,2,3 

-55°C<Ta<+125°C 

1,2,3 

-55°C^Ta<+125°C 

1,2,3 

-55°C^Ta^+125°C 

1,2,3 

-55°C<Ta^+125°C 

1,2,3 

-55°C<Ta<+125°C 

1.2,3 

-55°C<Ta^+125°C 

7, 8A, 8B 

-55®C<Ta<+125°C 



TABLE 2. HM-6642/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Device Guaranteed and 100% Tested 



SYMBOL 


TAVQV 


TGVQV 



(NOTES 1,2, 4) 
CONDITIONS 

GROUP A 
SUB¬ 
GROUPS 

TEMPERATURE 

VCC = 4.5V and 5.5V 

9,10,11 

-55°C<Ta<+125°C 

VCC = 4.5V and 5.5V 

9,10,11 

-55°C<Ta^+125°C 

VCC = 4.5V and 5.5V 

9,10,11 

-55°C^Ta^+125°C 

VCC = 4.5V and 5.5V 

9,10,11 

-55°C^Ta^+125°C 

VCC = 4.5V and 5.5V 

9,10,11 

-55°C^Ta^+125°C 

VCC = 4.5V and 5.5V 

9,10,11 

-55®C^Ta^+125°C 

VCC = 4.5V and 5.5V 

9,10,11 

-55°C^Ta^+125°C 

VCC = 4.5V and 5.5V 

9,10,11 

-55°C^Ta<+125°C 


LIMITS 


HM-6642B/ HM-6642/ 

883 883 


PARAMETERS 


Address Access Time 


Output Enable Access 
Time 


Chip Enable Access Time 


Address Setup Time 


Address Hold Time 


Chip Enable Low Width 


Chip Enable High Width 


Read Cycle Time 


NOTES: 

1. All voltages referenced to VSS. 

2. A.C. measurements assume transition time < 5ns; input levels = O.OV to 3.0V; timing reference levels = 1.5V; output load = 1TTL 
equivalent load and CL = 50pF. 

3. Typical derating = 5mA/MHz increase in ICCOP. 

4. All tests performed with P hardwired to GND. 

5. Tested as follows: f = 1MHz, VIH = 2.4V, VIL = 0.8V, lOH = -1mA, lOL = +1mA, VOH > 1.5V, VOL < 1.5V. 
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Specifications HM-6642/883 


TABLE 3. HM-6642/883 A.C. and D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS 

SYMBOL 

(NOTES 1.2) 

CONDITIONS 

NOTES 

TEMPERATURE 

LIMITS 

UNITS 

HM-6642B 

/883 

HM-6642 

/883 

MIN 

MAX 

MIN 

MAX 

Input Capacitance 

CIN 

VCC = Open, f= 1MHz, 
All Measurements 
Reference Device 

Ground 

2,3 

Ta = +25°C 

■ 

10 

■ 

10 

PF 

VCC = Open, f= 1MHz, 
All Measurements 
Reference Device 

Ground 

2,4 

Ta = +25°C 

- 

12 

- 

12 

PF 

2,5 

Ta = +25°C 

- 

5 

" 

5 

pF 

I/O Capacitance 

Cl/O 

VCC = Open,f = 1MHz, 
All Measurements 
Reference Device 

Ground 

2,3 

Ta = +25°C 

1 

12 

1 

12 

pF 

VCC = Open, f= 1MHz, 
All Measurements 
Reference Device 

Ground 

2,4 

Ta = +25°C 

- 

14 

- 

14. 

pF 

2,5 

Ta = +25°C 

- 

8 

■ 

8 

pF 

Output Enable 
Time 

TGVQX 

VCC = 4.5V and 5.5V 

2 

-55°C<Ta<+125°C 

5 

50 

5 

150 

ns 

Output Disable 
Time 

TGXQZ 

_i 

VCC = 4.5V and 5.5V 

_1 

2 

-55°C<Ta^+125°C 

- 

50 

- 

150 

ns 


NOTES: 

1. All tests performed with P hardwired to GND 

2. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design changes which would affect these characteristics. 

3. Applies to 0.600 inch Ceramic Dual-ln-Line (DIP) device types only. 

4. Applies to 0.300 inch Ceramic Dual-ln-Line (DIP) device types only. 

5. Applies to Ceramic Leadless Chip Carrier (LCC) device types only. 


TABLE 4. APPLICABLE SUBGROUPS 






























































































HM-6642/883 


Switching Waveform 

READ CYCLE 



* G has the same timing as G except signal is inverted. 


Test Load Circuit 






HM-6642/883 
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HM-6642/883 


Metallization Topology 

DIE DIMENSIONS: 

136x 168x 19± Imils 

METALLIZATION: 

Type: Si - Al 

Thickness: 11kA ± 15kA 

GLASSIVATION: 

Type: SiOg 

Thickness: 8kA± IkA 

DIE ATTACH: 

Material: Gold-Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 

1.7 X 10® A/cm^ 


Metallization Mask Layout 

HM>6642/883 


A4 AS A6 A7 VCC A8 G1 G2 



QO 01 02 GND 03 04 05 06 

































































































HM-6642/883 


Packaging 


24 PIN (0.300) CERAMIC DIP 




LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: 

MIL-STD-1835, GDIP3-T24 


* INCREASE MAX UMIT BY 003 INCHES 
MEASURED AT CENTCR OF FLAT FOR 
SOLDER FINISH 


24 PIN (.600) CERAMIC DIP 



Ijli:: 



LEAD FINISH: Type A 

MATERIALS: Compliant to MIL-M-38510 

COMPLIANT OUTLINE: 

MIL-STD-1835, GDIP1-T24 


28 PAD CERAMIC LCC 



LEAD FINISH: Type A 

MATERIALS: Compliant to MIL-M-38510 

COMPLIANT OUTLINE: 

MIL-STD-1835, CQCC1-N28 



NOTE: All Dimensions are -, Dimensions are in inches 

Max 
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HM-6617 


January 1992 


2KX8CMOS PROM 


Features 

• Low Power Standby and Operating 
Power 

- ICCSB.lOOpA 

- ICCOP.20mA at 1MHz 

• Fast Access Time. 90/120ns 

• Industry Standard Pinout 

• Singie 5.0 Voit Suppiy 

• CMOS/TTL Compatibie Inputs 

• High Output Drive-12 LSTTL Loads 

• Synchronous Operation 

• On-Chip Address Latches 

• Separate Output Enabie 

Ordering Information 


PACKAGE 

TEMPERATURE RANGE 

sons 

12008 

Ceramic DIP 

/883* 

SMD# 

-40®Cto+85®C 

HM1-6617B-9 

HM1-6617-9 

-55°C to +125°C 

HM1-6617B/883 

HM1-6617/883 

5962-8954002JA 

5962-8964001JA 

SLIM 

/883* 

SMD# 

-40®C to +86°C 

HM6-6617B-9 

HM6-6617-9 

-55®C to +125®C 

HM6-6617B/883 

HM6-6617/883 

5962-8954002LA 

5962-8954001 LA 

LCC 

/883* 

SMD# 

-40®C to +85°C 

HM4-6617B-9 

HM4-6617-9 

-55°C to +125®C 

HM4-6617B/883 

HM4-6617/883 

5962-8954002XA 

5962-8954001XA 


* Respective /883 specifications are inciuded at the end of this data sheet. 


A 8 
A9 
NC 

P 

A10 

I 

Q7 
06 

* P Shouid be Hardwired to VCC Except 
During Programming. 


PIN 

DESCRIPTION 

NC 

No Connect 

A0-A10 

Address Inputs 

E 

Chip Enabie 

Q 

Data Output 

VCC 

Power (+5V) 

5 

Output Enabie 

P* 

Output Enable 


Pinouts 


24 LEAD DIP 
TOP VIEW 


32 LEAD LCC 
TOP VIEW 
o 


AtG 

yj 

EO VCC 

A6[i 


il AS 

asQ 


M A9 

A40 


El? 

A3[i 


il G 

azG 


iH A10 

Ai Cz 


iH? 

aoQ 


in Q7 

qoQ 


[H 06 

Q1 Efi 


HI OS 

qzGi 


u] 04 

gndEI 


in 03 



Description 

The HM-6617 is a 16,384 bit fuse link CMOS PROM in a 2K word by 8 bit/woid 
format with ‘Three-State” outputs. This PROM is available in the standard 0.600 
inch wide 24 pin Ceramic DIP, the 0.300 inch wide slimline Ceramic DIP, and the 
JEDEC standard 32 pad Ceramic LCC. 

The HM-6617 utilizes a synchronous design technique. This includes on-chip 
address latches and a separate output enable control which makes this device 
ideal for applications utilizing recent generation microprocessors. This design 
technique, combined with the Harris advanced seif-aligned silicon gate CMOS 
process technology offers ultra-low standby current. Low ICCSB is ideal for 
battery applications or other systems with low power requirements. 

The Hards NiCr fuse link technology is utilized on this and other Harris CMOS 
PROMs. This gives the user a PROM with permanent, stable storage character¬ 
istics over the full industrial and military temperature voltage ranges. NiCr fuse 
technology combined with the low power characteristics of CMOS provides an 
excellent alternative to standard bipolar PROMs or NMOS EPROMs. 

All bits are manufactured storing a logical ”0” and can be selectively 
programmed for a logical ”1” at any bit location. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pj |0 |sjymber 3017 

Copyright © Harris Corporation 1992 
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HM-6617 


Functional Diagram 



ALL UNES POSITIVE LOGIC: ACTIVE HIGH 
THREE-STATE BUFFERS: 

A HIGH -OUTPUT ACTIVE 

ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALUNG EDGE OF S 
GATE ON FALUNG EDGE OF G 


LATCHED ADDRESS 
REGISTER 


A3 A2 A1 AO 
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HM-6617 


Background Information Programming 
Algorithm 

The HM-6617 CMOS PROM is manufactured with all bits 
containing a logical zero (output low). Any bit can be pro¬ 
grammed selectively to a logical one (output high) state by 
following the procedure shown below. To accomplish this, a 
programmer can be built that meets the specifications 
shown, or any of the approved commercial programmers 
can be used. 

PROGRAMMING SEQUENCE OF EVENTS 

1. Apply a voltage of VCC1 to VCC of the PROM. 

2. Read all fuse locations to verify that the PROM is blank 
(output low). 

3. Plac^the PROM in the initial state for programming; E = 
VIH, P = VIH, G = VIL. 

4. Apply the correct binary address for the word to be programmed. 
No inputs should be left open circuit. 

5. After a delay of td, apply voltage of VIL to E (pin 18) to access the 
addressed word. 

6. The address may be held through the cycle, but must be l^eld val¬ 
id at least for a time equal to td after the failing edge of E. None 
of the inputs should be allowed to float to an invalid logic level. 

7. After a^elay of td, disable the outputs by applying a voltage of 
VIH to G (pin 20). 

8. After a delay of td, apply voltage of VIL to P (pin 21). 

9. After delay of td, raise VCC (pin 24) to VCCPROG with a rise time 
of tr. All outputs at VIH should track VCC with VCC-2.0V to 
VCC+0.3V. This could be accomplished by pulling outputs at 
VIH to VCC through pull-up resistors of value Rn. 

10. After a delay of td, pull the output which corresponds to the bit to 
be programmed to VIL. Only one bit should be programmed at a 
time. 

11. After a delay of tpw, allow the output to be pulled to VIH through 
pull-up resistor Rn. 

12. After a delay of td, reduce VCC (pin 24) to VCC1 with a fall time 
of tf. All outputs at VIH should track VCC with VCC-2.0V to 
VCC+0.3V. This could be accomplished by pulling outputs at 
VIH to VCC through pull-up resistors of value Rn. 

13. Apply a voltage of VIH to P (pin 21). 


14. After a delay of td, apply a voltage of VIL to G (pin 20). 

15. After a delay of td, examine the outputs for correct data. If any 
location verifies incorrectly, repeat steps 4 through 14 (attempt¬ 
ing to program only those bits in the word which verified Incor¬ 
rectly) up to a maximum of eight attempts for a given word. If a 
word does not program within eight attempts, it should be con¬ 
sidered a programming reject. 

16. Repeat steps 3 through 15 for all other bits to be programmed in 
the PROM. 

POST-PROGRAMMING VERIFICATION 

17. Place the PROM_in the post-programming verification 
mode: E = VIH, G = VIL, P = VIH, VCC (pin 24) = VCC1. 

18. Apply the correct binary address of the word to be veri¬ 
fied to the PROM. 

19. After a delay of td, apply a voltage of VIL to E (pin 18). 

20. After a delay of td, examine the outputs for correct data. 
If any location fails to verify correctly, the PROM should 
be considered a programming reject. 

21. Repeat steps 17 through 20 for all possible programming 
locations 

POST-PROGRAMMING READ 

22. Apply a voltage of VCC2 = 4.0V to VCC (pin 24). 

23. After a delay of td, apply a voltage of VIH to E (pin 18). 

24. Apply the correct binary address of the word to be read. 

25. After a delay of TAVEL, apply a voltage of VIL to E (pin 
18). 

26. After a delay of TELQV, examine the outputs for correct 
data. If any location fails to verify correctly, the PROM 
should be considered a programming reject. 

27. Repeat steps 23 through 26 for ail address locations. 

28. Apply a voltage of VCC2 = 6.0V to VCC (pin 24). 

29. Repeat steps 23 through 26 for all address locations. 
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Specifications HM-6617 


Background Information HM-6617 Programming 

Programming Specifications 


MAX UNITS 



NOTES: 

1. All inputs must track VCC (pin 24) within these limits. 

2. VCCPROG must be capable of supplying 500mA. 

3. See Steps 22 through 29 of the Programming Algorithm. 

4. See Step 11 of the Programming Algorithm. 

5. All outputs should be pulled up to VCC through a resistor of value Rn. 

6. Except during programming (See Programming Cycle Waveforms). 
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Specifications HM-6617 


Absolute Maximum Ratings Reliability information 

Supply Voltage (All Voltages Reference to Device GND).+7.0V Thermal Resistance. 0ja 0jc 

Input or Output VoltageApplied for All Grades.GND-0.3V to Ceramic DIP Package. 48°CAA/ 9°CA/V 

VCC+0.3V Ceramic LCC Package. 58°C/W 19°C/W 

Storage Temperature Range.-65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature.+175°C Ceramic DIP Package.1.0 W 

Lead Temperature (Soldering 10s).+300°C Ceramic LCC Package.0.86 W 

Typical Derating Factor.5mA/MHz Increase in ICCOP Gate Count.5473 Gates 

ESD Classification.Class 1 

CAUTION: Stresses above those listed in "Absolute Maximum Ratings" may cause permanent damage to the device This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


19°C/W 
... 1.0W 


Operating Conditions 

Operating Voltage Range.... 


44.5V to 4-5.5V Operating Temperature Range: HM-6617-9, B-9 ... •40°C to 4^5°C 


DC Electrical Specifications vcc = 5V ±io%; (hm-6617B-9, hm-6617-9) 


SYMBOL 


VIH 


VIL 


VOH1 


VOH2 


VOL 



PARAMETER 


Logical One Input Voltage 


Logical Zero Input Voltage 


Logical One Output Voltage 


Logical One Output Voltage (Note 2) 


Logical Zero Output Voltage 


Input Leakage 


Output Leakage 


Standby Power Supply Current 


Operating Power Supply Current (Note 3) 


AC Electrical Specifications 


SYMBOL 

PARAMETER 

(1) TAVQV 

Address Access Time 

(2) TELQV 

Chip Enable Access Time 

(3) TELQX 

Chip Enable Time 

(4) TAVEL 

Address Setup Time 

(5) TELAX 

Address Hold Time 

(6) TELEH 

Chip Enable Low Width 

(7) TEHEL 

Chip Enable High Width 

(8) TELEL 

Cycle Time 

(9) TGLQV 

Output Access Time 

(10) TGLQX 

Output Enable Time 

(11) TGHQZ 

Output Disable Time 

(12) TEHQZ 

Chip Enable Disable Time 



HM-6617B-9 



TEST CONDITIONS 


VCC = 5.5V 


VCC = 4.5V 


lOH = -2.0mA, VCC = 4.5V 


IOH = -100pA, VCC = 4.5V 


lOL = 44.8mA, VCC = 4.5V 


VIN = VCC or GND, VCC = 5.5V 




VIN = VCC or GND, VCC = 5.5V, 10 = 0 


f = 1MHz, VCC = 5.5V, lO = 0, VIN = VCC or 
GND 


TEST CONDITIONS 


(Notes 1,4) 


(Notes 1,4) 


(Notes 2,4) 


(Notes 1,4) 


(Notes 1,4) 


(Notes 1,4) 


(Notes 1,4) 


(Notes 1,4) 


(Notes 1,4) 


(Notes 2, 4) 


(Notes 2, 4) 


(Notes 2, 4) 




Capacitance 


SYMBOL 1 

PARAMETER 

1 MAX 1 

1 UNITS 

1 TEST CONDITIONS 



CIN 

Input Capacitance (Note 2) 

10 

pF 

f = 1MHz, All Measurement are Referenced to Device GND 

COUT 

Output Capacitance (Note2) 

12 

pF 

f = 1MHz, All Measurement are Referenced to Device GND 




1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. Typical derating 5mA/MHz increase in ICCOP. 

4. VCC = 4.5V and 5.5V. 
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HM-6617 


Switching Waveforms 

READ CYCLE 
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HM’6617/883 


January 1992 


2K X 8 CMOS PROM 


Features 

• This Circuit is Processed in Accordance to Mii-Std-883 and is Fuliy Confor¬ 
mant Under the Provisions of Paragraph 

• Low Power Standby and Operating Power 

- iCCSB.100mA 

- iCCOP.20mA at 1MHz 

• Fast Access Time. 90/120ns 

• industry Standard Pinout 

• Singie 5.0 Voit Suppiy 

• CMOS/TTL Compatibie inputs 

• High Output Drive.12 LSTTL Loads 

• Synchronous Operation 

• On-Chip Address Latches 

• Separate Output Enabie 

• Operating Temperature Range.-55®C to +125®C 

Description 

The HM-6617/883 is a 16,384 bit fuse link CMOS PROM in a 2K word by 8 bit/word 
format with “Three-State” outputs. This PROM is available in the standard 0.600 
inch wide 24 pin Ceramic DIP, the 0.300 inch wide slimline Ceramic DIP, and the 
JEDEC standard 32 pad Ceramic LCC. 

The HM-6617/883 utilizes a synchronous design technique. This includes on-chip 
address latches and a separate output enable control which makes this device ideal 
for applications utilizing recent generation microprocessors. This design technique, 
combined with the Harris advanced self-aligned silicon gate CMOS process tech¬ 
nology offers ultra-low standby current. Low ICCSB is ideal for battery applications 
or other systems with low power requirements. 

The Harris NiCr fuse link technology is utilized on this and other Harris CMOS 
PROMs. This gives the user a PROM with permanent, stable storage characteris¬ 
tics over the full Industrial and military temperature voltage ranges. NICr fuse tech¬ 
nology combined with the low power characteristics of CMOS provides an excellent 
alternative to standard bipolar PROMs or NMOS EPROMs. 

All bits are manufactured storing a logical “0” and can be selectively programmed 
for a logical “1” at any bit location. 


Functional Diagram 


Pinouts 


HM1-6617/883 (CERAMIC DIP) 
TOP VIEW 



HM4-6617/883 (CERAMIC LCC) 
TOP VIEW 




_ 


ALL LINES POSITIVE LOGIC : ACTIVE HIGH 
THREE-STATE BUFFERS: 

A HIGH—► OUTPUT ACTIVE 
ADDRESS LATCHES AND GATED DECODERS; 
LATCH ON FALLING EDGE O^ 

GATE ON FALLING EDGE OF G 



A3 A2 A1 AO 


DESCRIPTION 




Address Inputs 


Chip Enable 


Data Input 


Power (+5V) 


Output Enable 


Program Enable 




CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1 992 6-261 
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Specifications HMS617/883 


Absolute Maximum Ratings 


Reiiability Information 



Supply Voltage. 

.+7.0V 

Thermal Resistance. 

®ja 

®jc 

Input, Output or I/O Voltage. 

....GND-0.3VtoVCC+0.3V 

Ceramic DIP Package. 

48°C/W 

9®C/W 

Storage Temperature Range. 

.-66°C to +150®C 

Ceramic LCC Package. 

58°C/W 

19°C/W 

Junction Temperature. 

.+175°C 

Maximum Package Power Dissipation at <i-125°C 


Lead Temperature (Soldering 10s)... 

. +300®C 

Ceramic DIP Package. 


.1.0W 

Typical Derating Factor. 

5mA/MHz Increase In ICCOP 

Ceramic LCC Package. 


.0.86 W 

ESD Classification. 

.Class 1 

Gate Count. 


.. 5473 Gates 

CAUTION: Stresses above those fisted in “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress only rating and operation 

of the device at these or any other condiHons above those indicated in the operational sections of this specification is not implied. 




Operating Conditions 


Operating Voltage Range.+4.5V to +5.6V Input Low Voltage.-0.3V to +0.8V 

Operating Temperature Range.-55®C to +125®C Input High Voltage. +2.4V to VCC +0.3V 


TABLE 1. HM-6617/883 DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETERS 

SYMBOL 

(NOTES 1,4) 

CONDITIONS 

GROUP A 
SUBGROUPS 

TEMPERATURE 

LIMITS 

UNITS 

MIN 

MAX 

High Level Output Voltage 

VOH1 

VCC = 4.5V, 10 =-2.0mA 

1,2,3 

-55°C^TA$+125°C 

mm 

- 

V 

Low Level Output Voltage 

VOL 

VCC = 4.5V, IO = +4.8mA 

1,2,3 

-55®C^TA<+125°C 

- 

0.4 

■■ 

High impedance Output 
Leakage Current 

lIOZ 


1,2,3 

-55°C^TA^+125®C 

-1.0 

1.0 

pA 

Input Leakage Current 

m 

VCC = 5.5V, VI = GND or 
VCC, P Not Tested 

1,2,3 

-55°C:STA^+125°C 

-1.0 

1.0 

pA 

Standby Supply Current 

ICCSB 

VI = VCC or GND, 

VCC = 5.5V, 10 = 0mA 

1,2,3 

-55°C^TA^+125°C 

■ 

100 

pA 

Operating Supply Current 

ICCOP 


1,2,3 

-55°C$TAS+125°C 

■ 

20 

mA 

Functional Test 

FT 

VCC = 4.5V (Note 6) 

7, 8A, 8B 

-55®C<TA5+125°C 

- 

- 



TABLE 2. HM-6617/683 AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


PARAMETERS 

SYMBOL 

(NOTES 1.2. 4) 
CONDITIONS 

GROUP A 
SUBGROUPS 

TEMPERATURE 

LIMITS 

HM-6617B/883 

LIMITS 

HM-6617/883 

UNITS 

EES 

EES3 

EB 

EQ3I 

Address Access Time 

TAVQV 

VCC = 4.5V and 5.5V 
(Note 5) 

9.10.11 

-55®C^TA5+125®C 

- 

105 

- 

140 

ns 

Output Enable Access 
Time 

TGLQV 

VCC = 4.5V and 5.5V 

9.10.11 

-55®C:STAg+125®C 

- 

40 

- 

50 

ns 

Chip Enable Access Time 

TELQV 

VCC = 4.5V and 5.5V 

9.10.11 

-55®C;STA!S+126®C 

- 


- 


BSI 

Address Setup Time 

TAVEL 

VCC = 4.5V and 5.5V 

9.10.11 

-55®C:STAS+125®C 

IB 

- 


- 

■a 

Address Hold Time 

TELAX 

VCC* 4.5V and 5.5V 

9.10.11 

-65°C5TA^+1250C 

B3li 

- 

OI 

- 

mm 

Chip Enable Low Width 

TELEH 

VCC* 4.5V and 5.5V 

9,10.11 

-55°CiTA:S+126®C 

KB 

- 


- 

mm 

Chip Enable High Width 

TEHEL 

VCC* 4.5V and 5.5V 

9.10,11 

-55®CSTA^+125®C 


- 


- 

■a 

Read Cycle Time 

TELEL 

VCC* 4.5V and 5.5V 

9.10.11 

-65°C^TA^+125°C 

11^1 

- 

10^ 

- 

la 


NOTES: 

1. All voltages referenced to Device GND. 

2. AC measurements assume transition time ^ 5ns; input levels * O.OV to 3.0V; timing reference levels = 1.5V; output load = 1TTL equivalent 
load and CL = 50pF. 

3. Typical derating = 5mA/MHz increase In ICCOP. 

4. All tests performed with P hardwired to VCC. 

5. TAVQV = TELQV + TAVEL 

6. Tested as follows: f = 1MHz, VIH = 2.4V, VIL = 0.8V, lOH = -1mA, lOL = +1 mA, VOH 2:1.5V, VOL ^ 1.5V. 



































































































































Specifications HM-6617/883 


TABLE 3. HM-6617/883 AC AND DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS 

SYMBOL 

(NOTES 1, 2) CONDITIONS 

NOTES 

TEMPERATURE 

LIMITS 

HM-6617B/883 

LIMITS 

HM-S617/883 

UNITS 


I22S] 

ESII 


Input Capacitance 

CIN 

VCC = Open. f = 1MHz. All 
Measurements Referenced to 
Device GND 

2.3 

+25®C 

■ 

10 

■ 

10 

pF 

VCC = Open. f = 1MHz. All 
Measurements Referenced to 
Device GND 

warn 

+25°C 

- 

mm 

- 

mm 

■a 

2,5 

+25°C 

• 

10 

* 

10 

pF 

I/O Capacitance 

Cl/O 

VCC = Open. f = 1MHz. All 
Measurements Referenced to 
Device GND 

2.3 

+25°C 

■ 

12 

■ 

12 

PF 

VCC = Open. f=: 1MHz. All 
Measurements Referenced to 
Device GND 

2.4 

+25°C 

- 

mm 

- 

mm 

■a 

2.5 

+25°C 

- 

12 

• 

12 

pF 

Chip Enable Time 

TELQX 

VCC = 4.5V and 5.5V 

2 

-55®C^TA5+125°C 

5 

- 

5 

• 

ns 

Output Enable Time 

TGLQX 

VCC = 4.5V and 5.5V 

2 

-55®C^TA^+125®C 

5 

- 

5 

- 

ns 

Chip Disable Time 

TEHQZ 

VCC = 4.5V and 5.5V 

2 

-55°C^TA<+125°C 

- 

■a 

- 

|||[^||| 

ns 

Output Disable Time 

TGHQZ 

VCC = 4.5V and 5.5V 

2 

-55®C:STA5+125°C 

- 


- 

11^1 

ns 

Output High Voltage 

VOH2 

VCC = 4.5V. 10 = lOOpA 

2 

-55°C^TA^+125°C 

vcc- 

IV 


vcc- 

IV 


V 


NOTES: 

1. All tests performed with P hardwired to VCC. 

2. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char* 
acterized upon initial design changes which would affect these characteristics. 

3. Applies to .600 inch Ceramic Dual-In-Line (DIP) device types only. 

4. Applies to .300 inch Ceramic Dual-in-Line (DIP) device types only. 

5. Applies to Ceramic Leadless Chip Carrier (LCC) device types only. 



























































































HM-6617/883 


Switching Waveforms 

READ CYCLE 



3.0V 

OV 

3.0V 

•OV 

-3.0V 

OV 

TS 









HM-6617/883 



6-265 


CMOS MEMORY 















HM-6617/883 

Metallization Topology 

DIE DIMENSIONS: 

140 x 232x19±1mils 

METALLIZATION: 

Type: Si - Al 

Thickness; 11kA ± 15kA 

GLASSIVATION: 

Type: SiOj 

Thickness: 7kA ± 9kA 
DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 

Ceramic LCC - 420°C (Max) 

WORST CASE CURRENT DENSITY: 

1.7x10®A/cm2 


Metallization Mask Layout 


HM-6617/883 




























HM-6617/883 


Packaging 


24 PIN (0.300) CERAMIC DIP 




LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M~38510 
COMPLIANT OUTLINE: 

MIL-STD-1835,GDIP3-T24 


24 PIN (.600) CERAMIC DIP 





LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: 
MIL-STD-1835,GDIP1-T24 


• INCREASE MAX UMIT BY 003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


32 PAD CERAMIC LCC 



LEAD FINISH: Type A 

MATERIALS: Compliant to MIL-M-38510 

COMPLIANT OUTLINE: 

MIL-STD-1835, CQCC1-N32 





NOTE: All Dimensions are 


Dimensions are in inches 

Max 
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SEMICONDUCTOR 


IM6654 


January 1992 


4096 Bit CMOS UV EPROM 


Features 

• Organization.512x8 

• Low Power.770|xW Max Standby 

• Highspeed 

- Access Time for IM6654-AI.300ns 10V 

- Access Time for IM6654-1I.450ns 5V 

• Single Supply Operation.5V 

• UV Erasable 

• Synchronous Operation for Low Power Dissipation 

• Three>State Outputs and Chip Select for Easy System 
Expansion 


Ordering Information 


Description 

The Harris IM6654 Is a fully decoded 4096 bit CMOS 
electrically programmable ROM (EPROM) fabricated with 
Harris’ advanced CMOS processing technology. In all static 
states this device exhibits the microwatt power dissipation 
typical of CMOS. Inputs and three-state outputs are TTL 
compatible and allow for direct Interface with common 
system bus structures. On-chip address registers and chip 
select functions simplify system interfacing requirements. 

The IM6654 is specifically designed for program 
development applications where rapid turn-around for 
program changes is required. The device may be erased by 
exposing its transparent lid to ultra-violet light, and then 
reprogrammed. 



TEMPERATURE RANGE 

5V 

-40°C to +85°C 

IM6654IJG 


IM6654-1IJG 

-55°C to+125°C 

IM6654MJG 



CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 6-268 


File Number 3015 
























IM6654 


Program Mode Operation 

Initially, ail 4096 bits of the EPROM are in the logic one (out¬ 
put high) state. Selective programming of proper bit loca¬ 
tions to “0”s is performed electrically. 

In the PROGRAM mode for all EPROMs. VCC and VDD are 
tied together to a -»-5V operating supply. High logic levels at 
all of the appropriate chip inputs and outputs must be set at 
VDD -2V minimum. Low logic levels must be set at VSS 
+0.8V maximum. Addressing of the desired location in PRO¬ 
GRAM mode is done as in the READ mode. Address and 
data lines are set_at the desired logic levels, and PROGRAM 
and chip select (S) pins are set high. The ^dress is latched 
by the downward edge on the strobe line (E1)). During valid 
DATA IN time, the PROGRAM pin is pulsed from VDD to - 
40V. This pulse Initiates the programming of the device to 
the levels set on the data outputs. Duty cycle limitations are 
specified from chip heat dissipation considerations. PULSE 
RISE AND FALL TIMES MUST NOT BE FASTER THAN 
5ps. 

Intelligent programmer equipment with successive READ/ 
PROGRAM/VERIFY sequences is recommended. 

Programming System Characteristics 

1. During programming the power supply should be capable 
of limiting peak instantaneous current to 100mA. 


2. The programming pin is driven from VDD to -40 volts 
(±2V) by pulses of 20 milliseconds duration. These puls¬ 
es should be applied In the sequence shown In the flow 
chart. Pulse rise and fall times of 10 microseconds are 
recommended. Note that any Individual location may be 
programmed at any time. 

3. Addresses and data should be presented to the device 
within the recommended setup/hold time and high/low 
logic level margins. Both “A” (10V) and non “A” EPROMs 
are programmed at VCC, VDD of 5V ±5%. 

4. Programming is to be done at room temperature. 

Erasing Procedure 

The IM6654 is erased by exposure to high Intensity short¬ 
wave ultraviolet light at a wavelength of 2537A. The recom¬ 
mended integrated dose (i.e., UV intensity x exposure time) 
is low sec/cm^. The lamps should be used without short¬ 
wave filters, and the IM6654 to be erased should be placed 
about one inch away from the lamp tubes. For best results it 
is recommended that the device remain inactive for 5 min¬ 
utes after erasure, before reprogramming. 

The erasing effect of UV light is cumulative. Care should be 
taken to protect EPROMs from exposure to direct sunlight or 
fluorescent lamps radiating UV light In the 2000A to 4000A 
range. 
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Specifications iM6654 


DC Characteristics for Programming Operation vcc = vdd sv ± 5 % vss » ov, = -^25^0 


TEST CONOmONS 


SYMBOL PARAMETER 


IPROG Program Pin Load Current 


VPROG Programming Pulse Amplitude 


ICC VCC Current 


IDD VDD Current 


VIHA Address Input High Voltage 


VILA Address Input Low Voltage 


VIH Data Input High Voltage 


VIL Data Input Low Voltage 


AC Characteristics for Programming Operation vcc = vdd = 5V ± 5 % vss := ov, = +25®c 



SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

TPLPH 

Program Pulse Width 

trise = tfall = 5ps 

18 

20 

22 

ms 


Program Pulse Duty Cycle 


TDVPL Data Setup Time 


TPHDX Data Hold Time 


TE1HE1L Strobe Pulse Width 


TAVE1L Address Setup Time 


TE1 LEIX Address Hold Time 


TE1LQV Access Time 



Pin Description 


PIN 


1-8,23 


9-11,13-17 


12 


SYMBOL ACTIVE LEVEL 


A0-A7, A8 



Q0-Q7 


VSS 


Program 


VDD 


El 


S 


E2 


VCC 



DESCRIPTION 


Address Lines 


Data Out Lines 


Negative Supply 


Programming Pulse Input 


Chip Positive Supply, Normally Tied to VCC 


Strobe Line, Latches Both Address Lines and Chip Enable E2 


Chip Select Line, Must be Low for Valid Data Out 


Chip Enable Line, Latched by Chip Enable El 


Output Buffer Positive Supply 


US 


ps 


ns 


ns 


ns 


ns 
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Read Mode Operation 

In a typical READ operation address lines and chjp enable 
E2 are latched by the falling edge of chip enable E1 (T=0). 
Valid data appears at the outputs one accessjime (TELQV) 
later, provided level-sensitive chip s^ct line S is low (T=3). 
Data remains valid until either E1 or S returns to a high level 
(T=4). Outputs are then forced to a high-Z state. 

Address lines and E2 must be valid one setup time before 
(TWEL), and one hold time after (TELAX), the falling edge 
of E1 starting the read cycle. Before becoming valid, Q out¬ 
put lines become active (T=2). The Q output lines return to a 
high-Z state one output disable time (TE1HQZ) after any 
rising edge on El or S. 

The program line remains high throughout the READ cycle. 

Chip enable line E1 must remain high one minimum positive 
pulse width (TEHEL) before the next cycle can begin. 


Read Cycle Timing 



FUNCTION TABLE 










































Specifications ii(/i6654 


Absolute Maximum Ratings (IM6654 1 , - 1 I, m) 


Supply Voltages Operating Temperature Range (7^) 

VDD - VSS... +8.0V Industrial.-40°C to +85°C 

VCC - VSS.+8.0V Military.-55°C to +125°C 

Input or Output Voltage.VSS-0.3V to VDD+0.3V 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering 10s).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Characteristics VCC VDD :r sv ±1 0% VSS = OV, T^ = Operating Temperature Range 


IM6654 L -11, M 


SYMBOL 





PARAMETER 


Logical “1" Input Voltage 


Logical “0" Input Voltage 


Input Leakage 


Logical “1” Output Voltage 


Logical “0" Output Voltage 


lOLK Output Leakage 


ISTBY Standby Supply Current 


ICC Standby Supply Current 


IDD Operating Supply Current (1) 


TEST CONDITIONS 


Il,S 


Address Pins 


GND<VIN^VDD 


lOH = -0.2mA 


lOL = 2.0mA 


GND < VO < VCC 


VIN = VDD 


VIN = VDD 


f=1MHz 


MIN 


VDD - 2.0 



Cl 

Input Capacitance 

Note 1 


7.0 

PF 

CO 

Output Capacitance 

Note 1 


10.0 

1 _ 

PF 


NOTE: 1. For design reference only, not 100% tested. 

AC Eiectrical Characteristics VCC = VDD = sv ±10 % VSS = OV, cl = SOpF, Ta = Operating Temperature Range 


PARAMETER 


TE1LQV Access Time From El 


TSLQV Output Enable Time 


TE1HQZ Output Disable Time 


TE1HE1L El Pulse Width (Positive) 


TE1 LEI H El Pulse Width (Negative) 


TAVE1L Address Setup Time 


TE1 LAX Address Hold Time 


TE2VE1L Chip Enable Setup Time 


TE1LE2X Chip Enable Hold Time 
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Specifications iM6654 


Absolute Maximum Ratings (IM6654AI, am) 
Supply Voltages 

VDD - VSS. 

VCC - VSS. 

Input or Output Voltage.VSS-0.3V t( 


Operating Temperature Range (T^) 

.+11 .OV Industrial.-40°C to +85°C 

.+11 .OV Military.-55°C to +125°C 

.VSS-0.3V to VDD+0.3V 


Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering 10s).+300°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Characteristics VCC = VDD = 4.5V to 10.5V VSS = OV, T^ = Operating Temperature Range 


IM6654 I, AM 


SYMBOL 


VIH 


PARAMETER 


Logical “1” Input Voltage 


Logical “0” Input Voltage 


Input Leakage 


Logical “1” Output Voltage 


Logical “0" Output Voltage 


Output Leakage 


ISTBY Standby Supply Current 


Standby Supply Current 


Operating Supply Current (1) 


Input Capacitance 


Output Capacitance 




TEST CONDITIONS 


E1,S 


Address Pins 


GND<VIN<VDD 


IOUT = 0(Note1) 


IOUT = 0(Note1) 


VSS < VO < VCC 


VIN = VDD 


VIN = VDD 


f=1MHz 


Note 1 


Note 1 



MIN 


VDD - 2.0 


VDD - 2.0 


- 1.0 


VCC - 0.01 


0.8 

V 

1.0 

pA 



VSS+0.01 

V 

1.0 

pA 

100 

pA 

40 

pA 

12 

mA 

7.0 

PF 

10.0 

PF 


NOTE: 1. For design reference only, not 100% tested. 

AC Electrical Characteristics VCC = VDD = SV ±1 0% VSS = OV, cl = SOpF, T^ = Operating Temperature Range 


PARAMETER 


TE1LQV Access Time From El 


TSLQV Output Enable Time 


TE1HQZ Output Disable Time 


TE1HE1L El Pulse Width (Positive) 


TE1LE1H El Pulse Width (Negative) 


TAVE1L Address Setup Time 


TE 1 LAX Address Hold Time 


TE2VE1L Chip Enable Setup Time 


TE1LE2X Chip Enable Hold Time 



ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
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Application Note 108 

82C52 PROGRAMMABLE UART 


Introduction 

The 82C52 CMOS Programmable UART can be utilized for 
serial communications at data rates from DC to 1M baud 
using clock speeds In the range of 0-16MHz. In addition, the 
device provides an internal baud rate generator. 

In the following discussion, we will look at the functional 
capabilities of the 82C52, and give information on how the 
device can be programmed. The following topics will be 
discussed; 

(1) Glossary of communications terms 

(2) Control registers 

(3) Status registers 

(4) Transmit/Receive Buffer Registers 

(5) I/O Addressing methods 

(6) Reset of the 82C52 

(7) Programming the 82C52 

1.0 Glossary of Data Communication 
Terms 

1.1 Clear to S«nd (^): 

Clear-to-send is an input signal to the 82C52. It is provided 
by the device with which the 82C52 is communicating, such 
as a modem. When this signal Is in its active state (active 
low), the 82C52 is being told that the modem will accept data 
sent to it from the 82C52 Serial Data Out (SDO) pin. 

The CTS signal is specified In the RS-232C pr otoco l and is 
used in conjunction with the Request to Send (RTS) signal. 
This signal is used mainly in half-duplex systems. In a half¬ 
duplex system communications can be performed in both 
directions, but In only one direction at a time. 

To illustrate this: Suppose we are using the 82C52 to com¬ 
municate over an RS-232C link to a modem. In half-duplex 
operation the UART tells the m odem that It wishes to trans¬ 
mit a character by putting RTS into its active state (active low 
for the 82C52). The modem, if rea dy for the data, will 
respond by driving the 82C52’s CTS line to its active state 
(low). When the 82C52 recognizes this, it will then begin 
data transmission. 

1.2 Data Set Ready (DSR): 

This is also an input signal to the 82C52. When in Its active 
state, it signifies that the device with which It Is to communi¬ 
cate is powered on and ready for communications. When 
using a modem, an active state for this signal indicates that 
the modem is also connected to a communications line (is 
on line). 


1.3 Data Terminal Ready (DTR): 

This Is an output signal generated by the 82C52. Its purpose 
is to inform the target (i.e. modem) that it is ready for 
communications. 

1.4 Framing Error: 

Each time the 82C52 receives a character of data. It will 
check for 3 types of errors; (1) Parity error, (2) Framing error, 
and (3) Overrun error. 

When reading characters through the Serial Data In (SDI) 
pin, the 82C52 will first encounter a start bit. This start bit Is 
a logical zero, and is detected by the first falling edge of the 
signal on SDI. Next, the 82C52 will see a specified number 
of data bits followed by the parity bit. The parity bit is 
checked for a parity error (see 1.8 and 1.9). The stop bits are 
then checked for a framing error. 

A framing error occurs when an incorrect stop bit is found, or 
if there are too few stop bits. This happens most often when 
the baud rates between the communicating devices differ. 
The data will have a tendency to become skewed. For infor¬ 
mation on this skewing problem, see 1.10. 

1.5 Interrupt Driven I/O: 

This is a method of handling interaction between a CPU and 
an I/O device. In this scheme, the I/O device will Issue an 
interrupt to the CPU when it requires attention. 

With the 82C52, an interrupt might occur when (1) the device 
receives a character on its SDI pin, (2) the device completes 
transmission of a character, (3) an error Is found in a 
received character, or (4) a change was detected in one of 
the modem control lines. 

After the Interrupt is recognized by the CPU, It (the CPU) will 
go to the corresponding Interrupt Service Routine(ISR). This 
routine decides how the interrupt should be serviced, and 
then services it. Upon completion of the ISR, execution of 
the user’s software will resume at the point where the inter¬ 
rupt occurred. 

1.6 I/O Polling: 

A second method for handling interaction between a CPU 
and an I/O device. Rather than waiting for an I/O device to 
Interrupt the CPU, the software assumes the responsibility of 
checking to see if an I/O device needs servicing. 

When the system software needs to output to the 82C52, it 
will poll (look at) the device to see if It is ready to accept 
data. Similarly, in order to receive data from the 82C52, the 
software will poll to see if there is any data waiting to be read 
in. Once read, the software must test the status of the 82C52 
to see if any errors were detected in the data received. The 
software must also look for status changes in the modem 
control lines. 
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1.7 Overrun Error: 

With the 82C52, data is received on the SDI pin. From there 
it is shifted serially into the Receiver Register. Once in this 
register, it will be shifted (in parallel) into the Receive Buffer 
Register (RBR) should this register be empty. Should it not 
be empty, the data cannot be shifted into the RBR. However, 
subsequent data coming in on the SDI pin will be shifted into 
the Receiver Register, overwriting the data already there. 
This causes the 82C52 to flag an overrun error. 

To clear the RBR, data must be read from it by the CPU.This 
data must be read faster than the data is being received on 
SDI and written to the Receiver Register. In most cases, this 
problem must be dealt with in software: (1) Either the 
receive data routine must be optimized for better perfor¬ 
mance, or (2) The baud rate must be lowered to compensate 
for the data loss. 

1.8 Parity: 

Parity is a form of error detection commonly used in serial 
communications. In parity checking, the sending device gen¬ 
erates and sends an extra bit with each character transmit¬ 
ted. The state of this bit (0 or 1) is determined by (1) the 
number of 1 bits in the character transmitted, and (2) by 
whether parity was defined to be even or odd. 

With even parity, the parity bit is generated such that the 
number of one’ bits in the character (including the parity bit) 
is an even number. For example, if a word has 5 bits that are 
ones, the parity bit must be set to a one so that the total 
number of ‘one’ bits is an even number, if a character being 
sent has 6 bits set to a one, the parity bit will be zero.This 
still gives an even number of one bits in the character. 

Conversely, in odd parity, the parity bit is generated such that 
the total number of 1 bits (including the parity bit) is an odd 
number. For a character having 5 one bits, the parity bit gen¬ 
erated is a zero. For a character having 6 one bits, the parity 
bit is set to one 


CHARACTER SENT 


(EVEN) 
PARITY BIT 


(ODD) 
PARITY BIT 


FIGURE 1. PARITY 

1.9 Parity Error: 

This is caused by an invalid parity bit being detected in a 
character received. The condition occurs when (A) even par¬ 
ity is specified and an odd number of ‘one’ bits are detected 
in the character, or (B) odd parity is specified and an even 
number of ‘one’ bits are detected. 

For example. If the character 6EH (01101110 b) is received 
by the device, and the parity bit read in is a 1, a parity error 
would be flagged if parity was defined to be ODD. Should 
parity be set to EVEN and the parity bit Is a 1 for this same 
character, a parity error will not be flagged. 

1.10 Percentage Error in Baud Rate Generation: 

When exchanging data between two systems through serial 
links (i.e. RS-232C) it is important that the baud rates of the 
two systems be as equal as possible. Roughly speaking, 
these baud rates should not differ by more than 2%. For 
example, if system X is using an 82C52 to generate 1200 
bits per second (bps), and system Y with which It is commu¬ 
nicating Is generating 1244bps, there Is a 3.67% difference 
In the baud rates. Errors may occur when data is received by 
system X. 

The 82C52 samples the data being received on the SDI pin 
beginning from when the receiver detects a start bit.This Is 
denoted by a high-to-low transition on the SDI pin.Based on 
the specified baud rate, the 82C52 will count and sample 
such that each bit Is read at the center of a bit period. 
Figure 2 shows a character generated at 1200bps, and sam¬ 
pled for 10 bit periods (SO - S10). The character is IB Hex 
with even parity. 



so SI S2 S3 S4 S5 S6 S7 S8 S9 S10 


START BIT 
DETECTED HERE 


FIGURE 2. PERCENTAGE ERROR 
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Assume that system X is configured to transmit and receive 
at 1200bps. The system we are communicating with is run¬ 
ning slightly faster as stated above (1244bps). Our sampling 
rate will still be based upon 1200bps, but the sampling of the 
incoming signal will be off by a short time period. With each 
sample this error accumulates. Thus, the skewing to the right 
becomes greater over time. By the time we normally would 
be sampling the parity bit (S9), the stop bit(s) would be com¬ 
ing in over the SDI pin (see Figure 2A). In this case, the 
82C52 thinks it is sampling the parity bit when in fact, what it 
is seeing is really the stop bit. This could cause a parity error 
to be flagged. 

Conversely, If data Is being received at a baud rate slightly 
less than our specified baud rate, we would get a skewing of 
the received data in the opposite direction. From Figure 2C, 
we see that at SI0 we are checking the stop bit, but system 
Y is still transmitting the parity bit. Therefore, the Framing 
error will be flagged. 

1.11 Request To Send (RTS): 

This signal is an output of the 82C52. it is used to Inform a 
modem or remote system that it wishes to transmit data. The 
mo dem (remote system) w ould then respond by activating 
the CTS signal. As with the CTS, this signal is of most value 
in half-duplex communications. 

2.0 Control Registers 

In order for the 82C52 to properly operate in a system, it 
must be configured for the desired form of operation. The 
user must decide how the device will be used in the system, 
and know the communications protocol of the device it will 
be communicating with. For example, in a system communi¬ 
cating with a modem we would need to utilize the modem 
control lines. When using the 82C52 in a local area network 
these modem control tines may be of no use to us. 

The 82C52 is initialized and configured by writing a series of 
control words from the CPU to various control registers In 
the device. These registers include the UART Control Regis¬ 
ter (UCR), the Baud Rate Selector Register(BRSR), and the 
Modem Control Register (MCR). 

UCR: Defines the format of characters being transmitted. 
The format of the characters Includes the number of 
data bits, parity control, and the number of stop bits. 

BRSR: Used in setting up the internal baud rate generator in 
the 82C52 for a specific baud rate, it will also be 
used to specify what the CO output is to be. 

MCR: Defines which interrupts will be enabled, and will 
also set the modem control output lines (RTS and 
DTR). In addition, the MCR allows the user to select 
one of four modes of communications (normal mode, 
echo mode, transmit break, and loop test mode). 

2.1 UART Control Register 

The UART Control Register (UCR) is a write-only register. 
Writing a command word to the UCR configures the trans¬ 
mission and reception circuitry of the 82C52. The command 
word essentially describes the format of characters that are 


to be transmitted or received. The format of these characters 
are made up of (1) a specific word length, (2) parity informa¬ 
tion, and (3) a selected number of stop bits, used to indicate 
transmission of that character is completed. 


STOP BIT 0=1 STOP BIT 
SELECT 1 = 1.5 STOP BITS (Tx) AND 
1 STOP BIT (Rx) IF 5 DATA 
BITS SELECTED 

PARITY 000 = Tx AND Rx EVEN 

CONTROL 001 = Tx AND Rx ODD 

010 = Tx EVEN, RxODD 
011 = Tx ODD, Rx EVEN 
100 = Tx EVEN, Rx CHECK 
DISABLED 

101=TxODD, Rx CHECK 
DISABLED 

11X = GENERATION AND 
CHECK DISABLED 

WORK 00 =5 BITS 

LENGTH 01 = 6 BITS 

SELECT 10 = 7 BITS 

11 = 8 BITS 

RESERVED SET TO 00 FOR FUTURE 
PRODUCT UPGRADE 
COMPATIBILITY 

FIGURE 3. UCR FORMAT 

DO - Stop Bit Select. This bit Is used to select the number 
of stop bits that the 82C52 will insert into a character to be 
transmitted, and the number to look for in received charac¬ 
ters. The stop bit(s) denote where the end of a character 
occurs. The external device must be configured with the 
same number of stop bits as the 82C52. The setting(s) for 
this bit are as follows: 

0 - If this bit is set to zero, then a single stop bit will be gen¬ 
erated and checked for. 

1 - Setting this bit to a one will cause either of two configura¬ 
tions. If we select a character length of 5 data bits, the 
82C52 will generate 1.5 stop bits during transmission, 
and will look for a single stop bit when receiving data, if a 
character length of 6, 7, or 8 data bits is selected, then 
two (2) stop bits will be generated and checked for. 

D3, D2 and D1 - Parity Control. These three bits are used 
to control the generation and checking of the parity bit. The 
82C52 can be configured to perform this function one of 
seven ways. These are: 

000 - Even parity is generated for transmitting data, and 
will be checked for when receiving data. 

001 - Odd parity is generated for transmitting data, and 
checked for during data reception. 

010- Even parity is generated for data transmission, and 
odd parity will be checked for during data reception. 

011 - Odd parity is generated for data transmission, and 
even parity will be checked for during data reception. 

100 - Even parity is generated for data transmission, how¬ 
ever, the 82C52 will do no parity checking on data 
that has been received. 
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101 - Odd parity Is generated for data transmission. The with the Divisor select. This final clock speed will be 16 times 

82C52 will not check parity on data received. the actual baud rate used by the 82C52. 

11X- The generation of a parity bit is disabled. Also, the The 16X clock speed can be output to the CO pin of the 


82C52 will not check for parity on incoming data. D1 
is not used therefore, it can be either a 0 or a 1. 

TABLE 1. PARITY SELECTION 



TRANSMITTER 

RECEIVER 

000 

Even 

Even 

001 

Odd 

Odd 

010 

Even 

Odd 

oil 

Odd 

Even 

100 

Even 

Disabled 

101 

Odd 

Disabled 

11X 

Disabled 

Disabled 


D5, D4 - Word Length Select. The state of these bits deter¬ 
mines the number of bits that are transmitted as a data word. 
The word length can be 5, 6,7, or 8 bits long. 

TABLE 2. WORD LENGTH SELECTION 



D7, D6 - Reserved. These bits have been reserved for 
future product upgrade compatibility. To Insure that the future 
upgrades of the 82C52 will operate with existing software, 
these bits must both be set to zero (00). 

2.2 Baud Rate Select Register 

The Baud Rate Select Register (BRSR) is a write-only regis¬ 
ter used to set the internal 82C52 baud rate generator to the 
desired data transfer rate. Essentially, this baud rate will 
depend upon the clock speed of the crystal being used with 
the device. However, to provide more flexibility, the 82C52 
provides two separate counters for selecting a divide ratio to 
fit the user’s needs. 

These two counters are the Prescaler, and the Divisor 
select. The Prescaler allows the input clock rate to be 
divided by one of four values: 1, 3, 4, and 5. This new data 
rate can then be further divided by using the values available 


device through the CO Select function of the BRSR. If CO 
select Is not selected, the output of the CO pin will reflect the 
crystal frequency Input by the part on the IX pin. Note, this 
output (CO) is a buffered version of the IX Input or 16X baud 
rate 


PRESCALER 00 = +1 
SELECT 01 = + 3 

10 = + 4 

11 = + 5 

DIVISOR 00000 = + 2 

SELECT 00001= +4 

00010 = + 16/3 
00011 = + 8 
00100 = + 32/3 
00101 =+ 16 
00110 = +58/3 
00111 = + 22 
01000 = + 32 
01001 = + 64 
01010 = + 128 
01011 =+192 
01100 = + 256 
01101 = + 288 
01110 = +352 
01111 = + 512 
10000 = + 768 
11111 =+EXTERNAL (+1) 

CO SELECT 0 = lx OUTPUT 

1 = BRG OUTPUT 


FIGURE 4. BRSR FORMAT 

D1 and DO - Prescaler Select. This allows the user to 
choose one of four values that the input clock frequency (IX) 
will be divided by. 

TABLE 3. PRESCALER SELECTION 




D6, D5, D4, D3, and D2 •> Divisor Seiect. The state of these 
bits determines the value of the Divisor select. The possible 
values are as follows in Table 4: 
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TABLE 4. DIVISOR SELECTION 


NOTE: All baud rates are exact except for: 


00000 

+2 

00001 

+4 

00010 

+16/3 

00011 

+8 

00100 

+32/3 

00101 

+16 


TABLE 6. PERCENT DIFFERENTIAL 



BAUD RATE 

DIVISOR 

38.4K 

External 

19.2K 

2 

9600 

4 

7200 

16/3 

4800 

8 

3600 

32/3 

2400 

16 

2000* 

58/3 

1800* 

22 

1200 

32 

600 

64 

300 

128 

200 

192 

150 

256 

134.5* 

288 

110* 

352 

75 

512 

50 

768 


BAUD RATE 

ACTUAL 

% DIFFERENCE 

2000 

1986.2 

0.69% 

800 

1745.45 

3.03% 

134.5 

133.33 

0.87% 

110 

109.09 

0.83% 


By using a crystal or external frequency with one of the com¬ 
mon crystal frequencies (1.8432MH2, 2.4576MHz, or 
3.072MHz) and a prescaler of divide by 3, 4, or 5 respec¬ 
tively, standard baud rates can easily be generated by 
selecting the Divisor as shown In Table 5 below: 

TABLE 5. STANDARD DIVISORS 


To illustrate how a baud rate can be determined, let us look 
at the following example: 

EXAMPLE 2.1: 

Assume that we are using a clock frequency of 2.4576MHz 
with the 82C52, and we wish to configure the device to run at 
a baud rate of 9600 bits per second (bps). First, select a 
prescaler of divide-by-four. Therefore, bits D1 and DO will be 
set to 1 and 0. This will give an effective clock frequency of 
614,400Hz. 

Next, look at Table 5 to determine which divisor is needed to 
generate 9600 bps. The divisor is four (4). Bits 6 through 2 
will be set to 0 0 0 0 and 1. The 614,400Hz clock has then 
been divided by 4 to give the appropriate 16X clock, which is 
153,600Hz (16 x 9600). 

To determine what the actual baud rate is. take 153,600Hz 
and divide it by 16. This will give us our 9600 bits per second 
(bps). A 16X clock rate is required by the internal circuitry of 
the 82C52. That is why the prescaler and divisor are 
selected to yield a clock rate that Is 16 times the desired 
baud rate. 

Finally, set the CO Select bit to 1 so that the CO output will 
be the same as the BRG output. This is the 16X frequency 
calculated above (153,600Hz). 

The command word written to the BRSR will be: 

10000110 or 86 Hex 

D7 - CO Select. This tells the 82C52 what the source will be 
for the output pin CO. 

0 - The output on CO will be a buffered version of the clock 
input (IX) to the device. The frequency of this signal will 
be the actual crystal frequency (or external frequency) 
used to run the 82C52. 

1 - The output of CO will be a buffered version of a clock 
rate that is 16 times the actual baud rate generated by 
the 82C52. This signal is suitable for driving a second 
82C52 or DART In a system. 

2.3 Modem Control Register 

The Modem Control Register (MCR) is a general purpose 
register controlling various operation parameters within the 
devic e. Th ese param eters include: (1) setting modem control 
lines RTS and DTR, (2) Enabling the interrupt structure of 
the device, (3) enabling the receiver on the device, and (4) 
selecting one of four operating modes in the device. 
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REQUEST TO 0 = ?^ OUTPUT HIGH 
SEND (WfS) 1 = RT§ OUTPUT LOW 

DATA 0 = I5TR OUTPUT HIGH 

TERMINAL 1 = T5T?^ OUTPUT LOW 

READY 

(DTR) 

INTERRUPT 0 = INTERRUPTS ENABLED 

ENABLE 1 = INTERRUPTS DISABLED 

(INTEN) 

MODE SELECT 00 = NORMAL 

01 = TRANSMIT BREAK 
10= ECHO MODE 
11 = LOOP TEST MODE 

RECEIVER 0 = NOT ENABLED 

ENABLE (REN) 1 = ENABLED 

MODEM 0 = NOT ENABLED 

INTERRUPT 1 = ENABLED 

ENABLE (MIEN) 

MUST BE SET TO A LOGIC 0 
FOR NORMAL 82C52 OPERATION 


FIGURE 5. MCR FORMAT 

DO - Requ est to Send. This bit allows the user to set the 
state of the RTS output pin. This pin is used as a modem 
control line in the R S-232C interface protocol. It is important 
to remember that the RTS output pin is active low. 

0 - Sett ing th is bit to a zero causes a one (1) to be output on 
the RTS pin. In effect, this is setting the pin to its logical 
false state. 

1 - If this bit is set to a o ne, th e RTS pin will be forced to a 
zero (0). This puts the RTS signal in its logical true state. 

D1 - Data Terminal Ready. This is a modem control line for 
an RS-232C-like interface. It is an output pin and is also 
active low. 

0 - A zero in bit D 1 cau ses DTR pin to be put in a logical 
false state. The DTR pin outputs a one (1). 

1 - By writing a one to this bit, the 82C52 DTR output pin is 
set to its logical true state (zero). 

D2 - Interrupt Enable (INTEN). This bit is an overall control 
for the INTR pin on the 82C52. With it, all 82C52 Interrupts to 
the processor can either be enabled or disabled. When D2 is 
reset to disable interrupts, no status changes including 
modem status changes can cause an interrupt to the pro¬ 
cessor. 

0 - Interrupts are disabled. The INTR pin will be held in a 
false state (low) so that no interrupt requests to the pro¬ 
cessor are generated. 

1 - Interrupts are enabled. Interrupts will be discussed In 
more detail later. 

D4 and D3 - Mode Select. These two bits allow the user to 
select one of the four possible operating modes for the 
82C52. These are: 

00 - Normal mode - The 82C52 is configured for normal full 
or half duplex communications. Data will not be looped 


back in any form or fashion between the serial data 
input pin and the serial data output pin (see Figure 6a). 

01 - Transmit break - Selecting this mode of operation will 
cause the transmitter to transmit break characters 
only. A break character is composed of all logical 
zeros for the start, data, parity, and stop bits. 

10- Echo mode - When this is selected, the 82C52 will 
retransmit data received on the SDI pin out to the SDO 
pin. In this mode of operation, any data written to the 
Transmitter Buffer Register will not be sent out on the 
SDO pin (See Figure 6b). 

11 - Loop Test mode - If this mode is selected, the data that 
normally would be transmitted Is internally routed back 
to the receiver circuitry. The transmitted data will not 
appear at the SDO pin. Also, data that is received on 
the SDI pin will be ignored by the device. This mode of 
operation Is useful for performing self test(s) on the 
device (see Figure 6c). 



6a. NORMAL MODE 


SERIAL DATA TO 
RECEIVE REGISTER 


6b. ECHO MODE 



6c. LOOP TEST MODE 
FIGURE 6. OPERATING MODES 

D5 - Receiver Enable (REN). Controls the reception of data 
through the SDI pin into the Receiver Register. Disabling the 
receiver is useful when performing a software reset on the 
device. This locks out any errant data from being received. 
This would also prevent interrupts from occurring due to data 
reception. Other possible reasons for disabling the receiver 
might be so that sections of software can execute without 
interruption, so that software only accepts data when ready 
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for it, or so that a software reset/reconfiguration can be per¬ 
formed. 

0 - A zero for this bit prevents the device from recognizing 
data sent to the SDI pin. The receive circuitry will remain 
in an idle state. 

1 - Writing a one to this bit enables the receiver. Data will 
then be recognized at the SDI pin. 

D6 - Modem Interrupt Enable. Enabling t his bit will allow 
any change in the modem status line Inputs (CTS and DSR) 
to cause an interrupt. The Modem Status register (MSR) will 
contain information pertaining to which condition(s) caused 
the interrupt. 

0 - Modem interrupts not enabled. 

1 - Modem interrupts enabled. 

D7 - This bit must always be set to a logic zero to insure 
device compatibility for future product upgrades. Should this 
bit be set to a one (1)during initialization, the device will not 
respond to any data at the SDI pin, and no data will be trans¬ 
mitted from the Transmitter Register to the SDO pin. 

3.0 Status Registers 

in addition to the various Control registers, the 82C52 has 
two read only status registers that can be accessed by the 
CPU to determine the status of the device at any given time. 
These are the UART Status Register (USR), and the Modem 
Status Register (MSR). The registers are used for keeping 
track of any changes in (1) the modem lines on the device 
(2) the status of data transmission or reception, and (3) 
whether any error(s) were detected in received data. 

The USR deals with the different types of data errors, the 
status of data transmission, as well as data waiting to be 
read. The MSR, on the other hand, reflects the sta tus o f the 
vario us modem control lines in the device (i.e. CTS and 
DSR). 

Normally, in an interrupt-driven system, after an interrupt 
occurs, the user’s software would check the status regis- 
ter(s) to determine what caused the interrupt. The software 
then should deal with the various types of interrupts in an 
appropriate manner. 

3.1 UART Status Register 


PARITY ERROR 0 = NO ERROR 

(PE) 1 = ERROR 

FRAMING 0 ^ NO ERROR 

ERROR (FE) 1 = ERROR 

OVERRUN 0 = NO ERROR 

ERROR (OE) 1 = ERROR 

RECEIVED 0 = NO BREAK 

BREAK (RBRK) 1 = BREAK 

MODEM 0 = NO STATUS CHANGE 

STATUS (MS) 1 s STATUS CHANGE 

TRANSMISSION 0 = NOT COM PLETE 

COMPLETE (TC) 1 = COMPLETE 

TRANSMITTER 0 = NOT EMPTY 

BUFFER 1 = EMPTY 

REGISTER 
EMPTY (TBRE) 

DATA READY (DR) 0 = NOT READY 
1 = READY 

FIGURE 7. USR FORMAT 

DO - Parity error (PE). This bit indicates whether a parity 
error was detected in the last character read into the 
Receive Buffer Register. If parity Is disabled, this bit will 
always be a zero. 

0 - No error detected. 

1 -- Parity error detected. 

D1 - Framing error (FE). A one In this bit Indicates that the 
last character received contained an Improper number of 
stop bits. This might be caused by no stop bits being sent, or 
by the length of the stop bits being too short. 

0 - No framing error. 

1 ~ Framing error detected. 

D2 - Overrun error (OE). When this status bit is set to a 
one, it indicates that data in the RBR is not being read by the 
CPU fast enough to permit data in the Receiver Buffer to be 
shifted to the RBR before the next character comes in on the 
SDI pin. Data is then lost because it is overwritten by incom¬ 
ing characters. 

0 - No overrun error detected. 

1 - Overrun error detected. 



The UART Status Register (USR) contains Information per¬ 
taining to the status of the 82C52 operation. The information 
that is kept in the USR includes: data reception error infor¬ 
mation, modem status, and the status of data transmission. 
This register will normally be the first 82C52 register read 
when servicing an 82C52 interrupt, or when polling the 
device. 

NOTE: The USR will be cleared upon reading Its contents. 

After reading and clearing the status register, the bits will 
remain as zeros until a status change occurs to set the 
proper bit(s). 


D3 ~ Received Break (RBRK). This status bit indicates that 
the last character received was a break character. A break 
character consists of all logic zeros including the parity and 
stop bits. The most common usage of this character is to 
Indicate a special condition in the communications taking 
place. For example, the device sending information to the 
82C52 might send a break character to it to indicate that it 
has completed transmitting its stream of data. 

0 - No break. 

1 - Break detected. 

D4 - Modem Status (MS). This bit indicates whether or not 
there has been a change in the states of any of the modem 
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contr ol lines on the device.These lines include: CIS and state (low), and by being set to a zero If the pin is in its false 
DSR. To determine which of these lines has changed, the state (high). This wilt apply regardless of whether the pin is 
user can read the Modem Status Register (MSR). set up to be active high or active low. 


Also, should both the MIEN and INTEN bits be set in the 
MCR register, an interrupt will be generated when the MS bit 
gets set. 

0 - No status change. 

1 - Status change detected. 

D5 ~ Transmission Complete (TC). When a character is 
written to the 82C52 Transmitter Buffer Register (TBR), it will 
be transferred to the TransmKter Register before actually 
being shifted out serially through the SDO pin. When the char¬ 
acter has finally been transmitted on SDO, and both the TBR 
and Transmitter Registers are empty, the TC bit will be set. 

NOTE: The TC bit getting set does not always mean that an end of 
transmission has occurred. It indicates that both the TBR and the 
Transmitter Register are empty. For instance, if we are running the 
82C52 at a high baud rate, it could transmit data faster than the user’s 
software can write characters to the device. In this case, the TC bit 
could get set between each character being transmitted. 

Assertion of this bit will cause an interrupt when the INTEN 
bit of the MCR has been set. 

0 - Not complete. 

1 - Transmission complete. 

D6 - Transmitter Buffer Register Empty (TBRE). When a 
character written to the TBR has been transferred to the 
Transmitter Register and the TBR is ready for another char¬ 
acter, this bit will get set. 

The user should check the TBRE bit before writing another 
character to the Transmitter Buffer Register. This insures 
that the previous character written to the TBR no longer 
resides there, but is being shifted out on the SDO pin. 

0 - Not empty. 

1 - Empty. 

D7 - Data Ready (DR), is set when the Receive Buffer Reg¬ 
ister (RBR) has been loaded with a received character 
through the SDI pin. The CPU can access this data by read¬ 
ing the RBR. For example, if the user wishes to see if there 
is any data waiting to be read from the Receiver Register, 
this bit can be checked. 

0 No data ready. 

1 - Data ready in RBR. 

NOTE: In an interrupt driven system, interrupts caused by the DR 
signal should have a higher priority than those caused by the TBRE 
signal. This will guard the software against Overrun errors. Vbu have 
no control over the information being sent to you, but you can control 
how and when you are transmitting data. 

3.2 Modem Status Register 

The Modem Status Register (MSR), a read-only register, 
allows the user to determine the status of the Modem Status 
pins. The status of these pins is reflected by the correspond¬ 
ing bit(s) being set to a one if the state of the pin is in its true 


A change in any of the status bits will cause an interrupt if 
the INTEN and MIEN bits of the MCR are enabled. 


CLEAR TO SEND (CTS) 0 = FALSE 
1 =TRUE 



DATA SET READY (DSR) 0 = FALSE 
1 = TRUE 


FIGURE 8. MSR FORMAT 

DO - Clear to Send (CTS). This is both a status and control 
signal from the modem. It tells the 82C52 that the modem is 
ready to receive data from the 82C52 transmitter output 
(SDO). If this line is inhibited (false), then the 82C52 will not 
be able to begin transmission of data. Should this line go 
false In the middle of a transmission, the UART will only be 
able to finish transmission of the current character. 

0 - CTS in false state. 

1 - CTS is true. 

D1 - Data Set Ready (DSR). This is a status indicator from 
the modem to the 82C52 indicating that the modem is ready 
to provide data to the 82C52. 

0 - DSR in false state. 

1 - DSR Is true. 

4.0 Transmit/Receive Buffer Registers 

In addition to the control and status registers, the 82C52 has 
two buffer registers that allow for the actual serial communi¬ 
cations to be performed. These registers are used for send¬ 
ing characters out to the SDO pin, and for reading data from 
the SDI pin. 

4.1 Receiver Buffer Register 

The Receiver Buffer Register (RBR) is a read-only register 
which contains the character received via the SDI pin. When 
data is received by the 82C52, it is read serially into the 
Receiver Register from the SDI pin, and then transferred to 
the RBR for the CPU’s access. This double buffering allows 
for higher transmission rates without loss of data. However, 
should additional characters be received by the 82C52 
before this register is read, then the Receiver Register will 
be overwritten with the subsequent characters. This will 
cause the Overrun Error (OE) flag to be asserted. 

The RBR is 8 bits long and can accept data lengths of 5 to 8 
bits. The data will be right justified in the register. When 
selecting data lengths of less than 8 bits, the 82C52 will 
insert zeros (0) into the RBR for the unused (most signifi¬ 
cant) bits. For example, if the 82C52 Is configured for 6 data 




7-11 


APPLICATION 

NOTES 







Application Note 108 


bits, and the character 31H is received, the RBR will look as 
follows when read: 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

0 

0 

1 

1 

0 

0 

0 

1 


FIGURE 9. RECEIVED DATA 

Bits D7 and D6 are automatically zeroed out by the 82C52. 


tively be transmitting the character: 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

= 31H 

0 

0 

1 

1 

0 

0 

0 

1 


FIGURE 11. TRANSMITTED DATA 


The two most significant bits are zeroed out automatically by 
the 82C52. 



NOTE: THE LSB, BIT 0 IS THE FIRST SERIAL DATA BIT RECEIVED NOTE: THE LSB, BIT 0 IS THE FIRST SERIAL DATA BIT TRANSMITTED 


FIGURE 10. RBR FORMAT 


FIGURE 12. TBR FORMAT 


4.2 Transmitter Buffer Register 

The Transmitter Buffer Register (TBR) Is a write only register 
used for sending characters out through the SDO pin. 
Characters to be transmitted should only be written to this 
register when it is empty. This condition can be checked for 
by reading the DART Status Register (USR) TBRE bit, or 
waiting for an interrupt to signal this condition. 


5.0 I/O Addressing Methods 

To Utilize the 82C52 ip a microprocessor based system, it Is 
necessary for the system to be designed such that we can 
easily access (address) the device. In the following discus¬ 
sion, we will look at two I/O device addressing schemes that 
can be applied to the 82C52: 


Like the Receiver circuitry, the Transmitter also uses double 
buffering. Here, we are taking advantage of the double buff¬ 
ering to increase throughput with the 82C52. The user would 
first write a character to the TBR. From here it is shifted (in 
parallel) into a second register known as the Transmit Regis¬ 
ter. After this transfer has been completed, the TBRE bit is 
set. 

The character shifted into the Transmit Register is then 
shifted serially out onto the SDO pin. Meanwhile, because 
the TBR is empty, another character can be written by the 
CPU to the TBR. In effect, the transmitter circuitry is then 
performing two operations simultaneously. This double buff¬ 
ering technique allows continuous data flow transmission. 

The Transmit Buffer Register is also 8 bits wide. Because we 
can specify data lengths as being from 5 to 8 bits wide, the 
82C52 right justifies the data when it is written to the TBR, 
and fills the unused bits with zero’s. In other words, unused 
(most significant) bits are truncated. For example, If we set 
up the device so that 6 data bits are specified and we write 
the character 71H (01110001 b) to the TBR, we will effec- 


- I/O Mapped Addressing, and 

- Memory Mapped I/O Addressing 

We will look at these two modes as they apply to an 80086/ 
80C88-based system. 

5.1 I/O Mapped Addressing 

In this scheme of I/O addressing, the microprocessor uses 
one set of Instructions for accessing memory, and a different 
set for accessing l/0_devices. The CPU will generate differ¬ 
ent control signals (lO/M) to select either memory or I/O 
based upon the type of Instruction it is executing. Because of 
this, the system needs two sets of control logic for accessing 
memory and I/O. As we can see in Figure 13, the control 
logic for each is essentially the same. 

When addressing I/O, we would use either the IN instruction 
or the OUT instruction. The port address specified in the 
instruction is placed on the address bus, and the lO/M signal 
selects and activates the control logic for I/O. if we used_one 
of the memory commands (MOV, CMP, TEST, etc.), the lO/M 
signal would activate the control logic for the system 
memory. 
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5.2 Memory Mapped I/O 

Memory Mapped I/O uses the same control logic for 
accessing both memory and I/O devices within a system. 
This is illustrated in Figure 14. Because we are using one set 
of control logic, we reduce the number of devices in the 
system, and save board space. 

When I/O devices are placed within the Memory Space of a 
system, it is possible to take advantage of the memory 
instruction set. This would now allow us to utilize the full reg¬ 
ister set in I/O operations, as opposed to only being able to 
use the accumulator (AX/AL) for the I/O instructions. Also, 
conditional testing can be applied to the I/O devices (i.e. 
TEST, CMP). When using memory mapped I/O, it should be 
noted that the I/O devices can no longer be accessed 
through the I/O instructions (IN and OUT).There are disad¬ 
vantages to using memory mapped I/O as well: 

- The I/O devices are treated as memory, therefore the 
amount of available memory in the system is reduced. 

- Memory instructions will execute slower than the I/O com¬ 
mands (IN and OUT). In certain situations (i.e. I/O polling), 
this could lead to loss of data during communications 
(overrun errors). 

5.3 I/O Addressing For The 82C52 

The actual addressing of the 82C52 internal registers takes 
place through the address pins AO and A1. These two sig¬ 
nals are taken from the address bus. In the following exam- 
ple(s), address lines ADO and AD1 from the 80C86/88 drive 
AO and A1, respectively, on the 82C52. Control logic will 
decode the remaining address lines from the CPU to gener¬ 
ate a ‘chip select’ for enabling the 82C52. The control logic 
consists of a 74XX138 Chip Select Decoder. 

The addresses for the 82C52 set up as described above are 
shown in Table 7. 

TABLE 7. EXAMPLE ADDRESSES 


REGISTER 

ADDRESS 

REGISTER TYPE 

Transmit Buffer Register 

10H 

Write only register 

Receiver Buffer Register 

10H 

Read only register 

UART Control Register 

11H 

Write only register 

UART Status Register 

11H 

Read only register 

Modem Control Register 

12H 

Write/Read register 

Baud Rate Selector Register 

13H 

Write only register 

Modem Status Register 

13H 

Read only register 


FIGURE 14. MEMORY MAPPED I/O ADDRESSING 


6.0 Reset Of The 82C52 

There are two distinct ways In which the 82C52 can be reset 
to a known initial state: (1) By applying a reset pulse for at 
least two cbck cycles on the RST pin, or (2) through software. 

A hardware reset Is accomplished by forcing the RST pin to 
a high state for a minimum of two clock cycles. This should 
be for two cycles of the 82C52’s IX clock input as opposed to 
the system clock. This reset will cause the UART Status 
Register (USR) to be set to 60H (TC and TBRE bits will be 
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set), and the Modem Control Register(MCR) will be cleared. 
Any lines associated with the bits in the USR and MCR will 
be cleared or disabled. 

During the reset of the device, the Baud Rate Select Regis¬ 
ter (BRSR) and the DART Control Register (UCR) will not be 
affected. However, if the reset comes due to power on, these 
registers will have an indeterminate value associated with 
them. After this reset, the 82C52 will remain in an idle state 
until programmed to its desired configuration. 

A second method of resetting the 82C52 is through a soft¬ 
ware reset. This will allow the device to be set to a known 
state. The procedure for performing a software reset is out¬ 
lined below: 

(1) MCR = OOH. Write a zero to the MCR. This will disable 
the receiver as well as the modem control lines, and 
interrupts. 

(2) Read the RBR to clear out any residual data. 

(3) Read the USR to reset status, thus keeping status lines 
from causing possible interrupts to the CPU. 

(4) Reconfigure the device for the desired mode of opera¬ 
tion. 

7.0 Programming The 82C52 

In order lo configure the 82C52 for proper operation, three 
separate command words need to be written to the com¬ 
mand (control) registers that were specified earlier. 

These registers include (1) the UART Control Register,(2) 
the Baud Rate Select Register, and (3) the Modem Control 
Register. When programming the device, these registers can 
be written to in any order. It Is advisable to initialize the 
Modem Control Register last because it controls the 
enabling of interrupts, and the receiver circuitry. Once initial¬ 
ized, the 82C52 can be reconfigured at any time by writing 
new command word(s) to the control registers. However, the 
device should not be actively transmitting or receiving data 
when reconfiguring the control registers. 

Addressing of the Internal registers on the 82C52 occurs by 
using the address lines A1 and AO, as well as the WR and 
RD lines. A more complete description of this is shown in 
Table 8. 


82C52 Polling Operation 

When utilizing a polling scheme for communications with the 
82C52, It is Important to note that the UART status register 
will be cleared of its contents when it Is read by the proces¬ 
sor. Therefore, subsequent reads of this register will show 
the contents to be OOH unless the status of the device has 
changed between reads. Because of this, it would be neces¬ 
sary for a copy of the status to be saved so that the proper 
status can be seen. 

Interrupt Driven Operation 

In this example, the 82C59A Interrupt Controller is being 
used to handle interrupts generated by the 82C52. The 
82C59A then communicates this interrupt information to the 
CPU so that it may be properly serviced. An example of how 
the 82C59A and 82C52 are Interfaced to the CPU is shown 
in Figure 15. 



80C88 80C88 

ADDRESS BUS DATA BUS 


FIGURE 15. INTERRUPT DRIVEN SYSTEM 
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82C59A CMOS PROGRAMMABLE INTERRUPT CONTROLLER 

By J. A. Goss 


Introduction 

The Harris 82C59A is a CMOS Priority Interrupt 
Controller, designed to relieve the system CPU from the 
task of polling in a multi-level priority interrupt system. 
The 82C59A is compatible with microprocessors such as 
the 80C86, 80C88. 8086, 8088, 8080/85 and NSC800. 

In the following discussion, we will look at the 
Initialization and operation process for the 82C59A. We 
will focus our attention on 80C86/80C88-based systems. 
However, the information presented will also be 
applicable to use of the 82C59A in 8080 or 8085-based 
systems as well. 

Let us look at the sequence of events that occur with the 
82C59A during an interrupt request and service. In an 
8080/85 based system: 

(1) One or more of the INTERRUPT REQUEST lines (IRO 
- IR7) are raised high, setting the corresponding bits 
in the Interrupt Request Register (IRR). 

(2) The interrupt Is evaluated in the priority resolver. If 
appropriate, an interrupt is sent to the CPU via the 
INT line (pin 17). 

(3) The CPU ac know ledges the interrupt by sending a 
pulse on the INTA line. Upon reception of this pulse, 
the 82C59A responds by forcing the opcode for a call 
instruction (OCDH) onto the data bus. 

(4) A second INTA pulse is sent from the CPU. At this 
time, the device will respond by placing the lower 
byte of the address of the appropriate service routine 
onto the data bus. This address is derived from ICW1. 

(5) A final (third) pulse of INTA occurs, and the 82C59A 
responds by placing the upper byte of the address 
onto the data bus. This address is taken from ICW2. 

(6) The three byte call instruction is then complete. If the 
AEO I mo de has been chosen, the bit set during the 
first I NTA pulse in the ISR is reset at the end of the 
third INTA pulse. Otherwise, it will not get reset until 
an appropriate EOl command is issued to the 
82C59A. 

For 80C86- and 80C88-based systems: 

(1) and (2) same as above. 

(3) The CPU r esponds to the interrupt request by pulsing 
the INTA line twice. The first pulse sets the 
appropriate ISR bit and resets the IRR bit while the 
second pulse causes the interrupt vector to be placed 
on the data bus. This byte is composed of the 
interrupt number in bits 0 through 2, and bits 3 
through 7 are taken from bits 3 - 7 of ICW2. 

(4) The interrupt sequence is complete. If usingthe AEOI 
mode, the bit set earlier in the ISR will be reset. 
Otherwise, the interrupt controller will await an 
appropriate EOl command at the end of the interrupt 
service routine. 


1.0 Glossary of Terms for the 82C59A 

1.1 Automatic End of Interrupt (AEOI): 

When the 82C59A is programmed to operate in the 
Automatic EOl mode, the device will produce its own 
End-of-Interrupt (EOl) at th e trail ing edge of the last 
Interrupt Acknowledge pulse (INTA) from the CPU. Using 
this mode of operation frees the software (service 
routines) from needing to send an EOl manually to the 
82C59A. 

However, using the Automatic EOl mode will upset the 
priority structure of the 82C59A. When the AEOI is 
generated, the bit that was set In the In-Service Register 
(ISR) to indicate which interrupt Is being serviced, will be 
cleared. Because of this, while an interrupt is being 
serviced there will be no record in the ISR that it is being 
serviced. Unless interrupts are disabled by the CPU, there 
is a risk that interrupt requests of lower or equal priority 
will interrupt the current request being serviced. If this 
mode of operation is not desired, interrupts should not be 
re-enabled by the CPU when executing interrupt service 
routines. 

1.2 Automatic Rotation: 

During normal operation of the 82C59A, we have an 
assigned order of priorities for the IR lines. There are 
however, instances when It might be useful to assign 
equal priorities to ail interrupts. Once a particular 
interrupt has been serviced, all other equal priority 
interrupts should have an opportunity to be serviced 
before the original peripheral can be serviced again. This 
priority equalization can be achieved through Automatic 
Rotation of priorities. 

Assume, for example, that the assigned priorities of 
interrupts has IRO as the highest priority interrupt and IR7 
as the lowest. Figure 1A shows Interrupt requests 
occuring on IR7 as well as IR3. Because IR3 is of higher 
priority, it will be serviced first. Upon completion of the 
servicing of IR3, rotation occurs and IR3 then becomes 
the lowest priority interrupt. IR4 will now have the highest 
priority (see Figure 1B). 

There are two methods in which Automatic Rotation can 
be implemented. First, if the 82C59A is operating in the 
AEOI mode as described above, the 82C59A can be 
programmed for “Rotate In Automatic EOl mode”. This is 
done by writing a command word to OCW2. The second 
method occurs when using normal EOls. When an EOl is 
issued by the service routine, the software can specify 


that rotation be performed. 

IR7 IR6 IRS 

IR4 

IRS IR2 

IR1 IRO 

IRR STATUS 1 

0 

0 

0 

1 0 

0 0 

PRIORITY 7 

~ 

5 

4 

3 2 

1 0 

LOWEST 





HIGHEST 

PRIORITY 





PRIORITY 


FIGURE 1A. IR PRIORITIES (BEFORE ROTATION) 
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FIGURE 1B. IR PRIORITIES (AFTER ROTATION) 


1.3 Buffered Mode: 

When using the 82C59A in a large system, it may be 
necessary to use bus buffers to guarantee data integrity 
and guard against bus contention. 


When in cascade mode, the determination of whether a 
device is a master or a slave can take either of twg forms. 
The state of the SP/EN pin will select “master” or “slave” 
mode for a device when the buffered mode is not being 
used. Should buffered mode be used, then it is necessary 
that bit D2 (M/S) of ICW4 be set to indicate if the particular 
82C59A is being used as a “master” or “slave” interrupt 
controller in the system. 

The CASO-2 pins on the interrupt controllers serve to 
provide a private bus for the cascaded 82C59As These 
lines allow the “master” to inform the slaves which is to be 
serviced for a particular interrupt. 

1.5 End of Interrupt (EOi): 


By selecting buffered mode when initializing the device, 
the SP/EN pm (pin 16) will generate an enable signal for 
the buffers whenever the data outputs from the 82C59A 
are active. In this mode, the dual function SP/EN pin can 
no longer be used for specifying whether a particular 
82C59A IS being used as a master or a slave in the system. 
This specification must be made through setting the 
proper bit in ICW4 during the device initialization. 


When an interrupt is recognized and acknowledged by 
the CPU, its corresponding bit will be set in the In-Service 
Register (ISR). If the AEOI mode is in use, the bit will be 
cleared automatically through the interrupt acknowledge 
signal from the CPU. However, if AEOI is not in effect, it is 
the task of software to notify the 82C59A when servicing 
of an interrupt is completed. This is done by issuing an 
End-of-Interrupt (EOI). 


1.4 Cascade Mode: 

More than one 82C59A can be used in a system to expand 
the number of priority interrupts to a maximum of 64 
levels without adding any additional hardware. This 
method of expansion is known as “cascading”. An 
example of cascading 82C59As is shown in Figure 2. 

In a cascaded interrupt scheme, a single 82C59A is 
utilized as the “master” interrupt controller. As many as 8 
“slave” 82C59AS can be connected to the IR inputs of the 
“master” 82C59A. Each of these slaves can support up to 
8 interrupt inputs, yielding 64 possible prioritized 
interrupts. 


There are 2 different types of EOls that can be issued to 
the device; non-specific EOI and specific EOI. In most 
cases, when the device is operating in a mode that does 
not disturb the fully nested mode such as Special Fully 
Nested Mode, we will issue a non-specific EOI. This form 
of the EOI will automatically reset the highest priority bit 
set in the ISR. This is because for full nested operation, 
the highest priority IS bit set is the last interrupt level 
acknowledged and serviced. 

The “specific” EOI is used when the fully nested structure 
has not been preserved. The 82C59A may not be able to 
determine the last level acknowledged. Thus, the software 
must specify which interrupt level is to be reset. This is 
done by issuing a “specific” EOI. 



I _I 

I 

INTERRUPT REQUESTS 


FIGURE 2. CASCADING THE 82C59A 
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1.6 Fully Nested Mode: 

By default, the 82C59A operates in the Fully Nested Mode, 
it will remain in this mode until it is programmed 
otherwise. In the Fully Nested Mode, interrupts are 
ordered by priority from highest to lowest. Initially, the 
highest priority level is IRQ with IR7 having the lowest. 
This ordering can be changed through the use of priority 
rotation (see 1.2). 

In the Fully Nested Mode, when an interrupt occurs, its 
corresponding bit will get set in the Interrupt Request 
Register (IRR). When the processor acknowledges the 
interrupt, the 82C59A will look to the IRR to determine the 
highest priority interrupt requesting service. The bit in the 
In-service Register (fSR) corresponding to this interrupt 
will then be set. This bit remains set until an EOt is sent to 
the 82C59A. 

While an interrupt Is being serviced, only higher priority 
interrupts will be allowed to interrupt the current interrupt 
being serviced. However, lower priority interrupts can be 
allowed to interrupt higher priority requests if the 82C59A 
is programmed for operation in the Special Mask Mode. 

When using the 82C59A in an 80C86- or 80C88-based 
system, interrupts will automatically be disabled when the 
processor begins servicing an interrupt request. The 
current address and the state of the flags in the processor 
will be pushed onto the stack. The interrupt-enable flag is 
then cleared. To allow interrupts to occur at this point, the 
STI instruction can be used. Upon exiting the service 
routine using the IRET instruction, execution of the 
program is resumed at the point where the interrupt 
occured, and the flags are restored to their original values, 
thus re-enabling interrupts. 

A configuration in which the Fully Nested structure is not 
preserved occurs when one or more of the following 
conditions occur: 

(a) The Automatic EOl mode is being used. 

(b) The Special Mask Mode is in use. 

(c) A slave 82C59A has a master that is not programmed 
to the Special Fully Nested Mode. 

Cases (a) and (b) differ from case (c) in that the 82C59A 
would allow lower priority interrupt requests the 
opportunity to be serviced before higher priority interrupt 
requests. 

1.7 Master. 

When using multiple 82C59AS in a system, one 82C59A 
has control over all other 82C59AS. This is known as the 
“master” interrupt controller. Communication between 
the master and the other (slave) 82C59AS occurs via the 
CASO - 2 lines. These lines form a private bus between the 
multiple 82C59AS. Also, the I NT lines from the slaves are 
routed to the master's IR input pin(s). See Figure 2. 

1.8 Slave: 

A “Slave” 82C59A In a system is controlled by a master 
82C59A. There is but one “master” in the system, but there 
can be up to 8 slave 82CS9As. The I NT outputs from the 
slaves act as inputs to the master through it’s IR inputs. 


Communications between the master and slaves occurs 
via the CASO - 2 lines. See Figure 2. 

1.9 Special Fully Nested Mode: 

The Special Fully Nested Mode (SFNM) is used in a 
system having multiple 82C59AS where It Is necessary to 
preserve the priority of interrupts within a slave 82C59A. 
Only the master is programmed for the Special Fully 
Nested Mode through ICW4. This mode is similar to the 
Fully Nested Mode with the following exceptions: 

(a) When an interrupt from a particular slave is being 
serviced, additional higher priority interrupts from 
that slave can cause an interrupt to the master. 
Normally, a slave is masked out when its request Is In 
service. 

(b) When exiting the Interrupt Service routine, the 
software should first issue a non-specific EOl to the 
slave. The In-service Register (ISR) should then be 
read and checked to see if its contents are zero. If the 
register is empty, the software should then write a 
non-specific EOl to the master. Otherwise, a second 
EOl need not be written because there are Interrupts 
from that slave still being processed. 

NOTE: Because the Master 82C59A and its slave 82C59As must be in Fully 
Nested Mode for this mode to be functional, we could not utilize Automatic 
EOls. These would disturb the Fully Nested structure, as described 
in section 1.6. 

1.10 Special Mask Mode: 

The Special Mask Mode is utilized in order to allow 
interrupts from all other levels (higher and lower as well) 
to interrupt the IR level that is currently being serviced. 
Invoking this mode of operation will disturb the fully 
nested priority structure. 

Generally, the Special Mask Mode is selected during the 
servicing of an interrupt. The software should first set the 
bit corresponding to the IR level being serviced, in the 
Interrupt Mask Register (OCW1). The Special Mask Mode 
and interrupts should then be enabled. This will allow any 
of the IR levels except for those masked off by OCW1 to 
interrupt the IR level currently being serviced. 

Because this disturbs the Fully Nested Structure, it is 
required that a Specific EOl be issued when servicing 
interrupts while the Special Mask Mode is in effect. Before 
exiting the original interrupt routine, the Special Mask 
Mode should be disabled. 

1.11 Specific Rotation: 

By issuing the proper command word to OCW2, the 
priority structure of the 82C59A can be dynamically 
altered. The command word written to OCW2 would 
specify which is to be the lowest priority IR level. 

This specific rotation can be accomplished one of two 
ways. The first is through a specific EOl. The software can 
specify that rotation is to be applied to the IR level 
provided with the EOl. The second method is a simple “set 
priority” command, in which the lowest priority level is 
specified with the command word. 
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2.0 Initialization Control Words 

The following section gives a description of the Initialization 
Control Words (ICW) used for configuring the 82C59A In¬ 
terrupt controller. There are four (4) control words used for 
initialization of the 82C59A. These ICWs must be pro¬ 
grammed in the proper sequence beginning with ICW1. If at 
any time during the course of operation the configuration of 
the 82C59A needs to be changed, the user must again write 
out the control words to the device in their proper order. The 
initialization sequence Is shown in Figure 3. 



FIGURE 3. 82C59A INITIALIZATION SEQUENCE 

ICW1: The 82C59A recognizes the first Initialization 
Control Word (ICW) written to it based on two crite¬ 
ria: (1) the AO line from the address bus must be a 
zero, and (2) the D4 bit must be a one. If the D4 bit is 
set to a zero, we would be programming either 
OCW2 or OCW3 (these are explained later). The 
function of ICW1 is to tell the 82C59A how It is being 
used in the system (i.e. Single or cascaded, edge or 
level triggered interrupts etc.). 

ICW2: This control word is always issued directly after 
ICW1. When addressing this ICW, the AO line from 
the address bus must be a one (high). ICW2 is util¬ 
ized In providing the CPU with information on where 
to vector to in memory when servicing an interrupt. 

ICW3: This control word is issued only if the SNGL (D1) bit 
of ICW1 has been programmed with a zero. When 
addressing this word, the AO line from the CPU must 
be high (1). This control word Is for cascaded 
82C59A’s. It allows the master and slave 82C59As 
to communicate via the CASO-2 lines. With the mas¬ 
ter, this word indicates which IR lines have slaves 
connected to them. For the slave 82C59A(s), this 
word indicates to which IR line on the master it is 
connected. 


ICW4: Issuance of this ICW is selectable through the IC4 
(DO) bit of ICW4. If ICW4 is to be written to the 
82C59A, AO from the CPU must be high (1) when 
writing to It. This word needs to be written only when 
the 82C59A is operating in modes other than the de¬ 
fault modes. Instances when we would want to write 
to 1CW4 are one or more of the following: An 
80C86(80C88) processor Is being used, buffered 
outputs (D0-D7) are to be used. Automatic EOls are 
desired, or the Special Fully Nested mode is to be 
used. 

2.1 ICW1: 

ICW1 is the first control word that is written to the 82C59A 
during the initialization process. To access this word, the 
value of AO must be a zero (0) in the addressing, and bit D4 
of ICW1 must be a one (1). The format of the command 
word is as follows: 


Ao 07 06 O5 O4 O3 O2 0 i Oq 



* NOTE: This is an address bit, and not part of the ICW. 

FIGURE 4. ICW1 FORMAT 

D7 thru D5 - A7, A6, A5: These bits are used in the 8080/ 
85 mode to form a portion of the low byte call ad¬ 
dress. When using the 4 byte address Interval, all 3 
bits are utilized. When using the 8 byte interval, only 
bits A7 and A6 are used. Bit A5 becomes a “don’t 
care” bit. If using an 80C86(80C88) system, the value 
of these bits can be set to either a one or zero. 

D3 - LTIM: 

0: The 82C59A will operate in an edge triggered mode. 
An interrupt request on one of the IR lines (IRO - IR7) 
is recognized by a low to high transition on the pin. 
The IR signal must remain high at least until the falling 
edge of the first sINTA pulse. Subsequent Interrupts 
on the IR pin(s) will not occur until another low-to- 
high transition occurs. 

1: Sets up the 82C59A to operate in the level triggered 
mode. Interrupts occur when a "high” level is de¬ 
tected on one or more of the IR pins. The Interrupt re¬ 
quest must be removed from this pin before the EOl 
command is issued by the CPU. Otherwise, the 
82C59A will see the IR line still in a high state, and 
consider this to be another interrupt request 
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ICW 1 

Aq D7 D6 O5 D4 O3 D2 Do 



Aq O7 Do Ds D4 D3 03 Di Dq 


1 ■ « 

1 












Aig-Ag OF INTERRUPT 
VECTOR ADDRESS 
(MCS 80 / 85 MODE) 









T7-T3OF INTERRUPT 
VECTOR ADDRESS 
( 8086/8088 MODE) 


ICW 3 (MASTER DEVICE) 


Ao 

07 

06 

05 

04 

03 

02 

Dl 

Do 

□ 

0 

B 

B 

B 

S3 

B 

B 

B 


1 = IR INPUT HAS A SLAVE 
0 = IR INPUT DOES NOT HAVE 
A SLAVE 


ICW 3 (SLAVE DEVICE) 


Ag D7 Dg Dg D4 D3 D2 D) Dq 


i|o|o|ojo|o|i 

02!» 


ao 







SLAVE ID(1) 

— 

0 

1 

2 

3 

4 

5 

6 

7 

0 

1 

0 

1 

0 

1 

0 

1 

_ 

0 

0 

1 

1 

0 

0 

1 

1 




0 

0 

AJ 

0 

1 

1 

1 

1 








ICW 4 


Aq D7 Dg Dg D4 D3 D2 Ot Dq 



NOTE Slave ID is equal to the corresponding master IR input 


82C59A INITIALIZATION COMMAND WORD FORMAT 


0CW1 

Ao O7 Dg Dg O4 O3 02 D) Oq 



82C59A OPERATION COMMAND WORD FORMAT 


7-20 






Application Note 109 


D2 - ADI: Call Address Interval (for 8080/8085 use 
only). If using the 82C59A in an 80C86/88 based 
system, the value of this bit can be either a 0 or a 1. 

0 : The address interval generated by the 82C59A is 8 
bytes. This option provides compatiblity with the 
RST interrupt vectoring in 8080/8085 systems 
since the vector locations are 8 bytes apart. This 
vector will be combined with the values specified 
in bits D7 and D6 of ICW1. The addresses 
generated are shown in Table 1. 


TABLE 1. ADDRESS INTERVAL (8 BYTES) 

D7 D6 D5 D4 D3 D2 D1 DO 


A7 

A6 

1 

1 

1 

0 

0 

0 

, A7 

A6 

1 

1 

0 

0 

0 

0 

A7 

A6 

1 

0 

1 

0 

0 

0 

A7 

A6 

1 

0 

0 

0 

0 

0 

A7 

A6 

0 

1 

1 

0 

0 

0 

A7 

A6 

0 

1 

0 

0 

0 

0 

A7 

A6 

0 

0 

1 

0 

0 

0 

A7 

A6 

0 

0 

0 

0 

0 

0 


IR7 

IR6 

IRS 

IR4 

IR3 

IR2 

IR1 

IRO 


1 : The address interval generated by the interrupt 
controller will be 4 bytes. This provides the user 
with a compact jump table for 8080/8085 systems. 
The interrupt number is effectively multiplied by 
four and combined with bits D7, D6 and D5 to form 
the lower byte of the call instruction generated 
and sent to the 8080 or 8085. Table 2 shows how 
these addresses are generated for the various 
Interrupt request (IR) levels. 


TABLE 2. ADDRESS INTERVAL (4 BYTES) 


D7 D6 D5 D4 D3 D2 D2 DO 


A7 

A6 

A5 

1 

1 

1 

0 

0 

A7 

A6 

A5 

1 

1 

0 

0 

0 

A7 

A6 

A5 

1 

0 

1 

0 

0 

A7 

A6 

A5 

1 

0 

0 

0 

0 

A7 

A6 

A5 

0 

1 

1 

0 

0 

A7 

A6 

A5 

0 

1 

0 

0 

0 

A7 

A6 

A5 

0 

0 

1 

0 

0 

A7 

A6 

A5 

0 

0 

0 

0 

0 


IR7 

IR6 

IRS 

IR4 

IR3 

IR2 

IR1 

IRO 


1 : Tells the 82C59A that it is being used alone in the 
system. Therefore, there will be no need to issue 
ICW3 to the device. 

DO - IC4: Specifies to the 82C59A whether or not it 
can expect to receive ICW4. If this device is being 
used in an 80C86/ 80C88 system, ICW4 must be 
issued. 

0 : ICW4 will not be issued. Therefore, all of the 
parameters associated with ICW4 will default to 
the zero (0) state. This should only be done when 
using the 82C59A in an 8080 or 8085 based 
system. 

1 : ICW4 will be issued to the 82C59A. 


2.2 iCW2: 

ICW2 is the second control word that must be sent to the 
82C59A. This byte is used in one of two ways by the 
82C59A, depending on whether it is being used in an 
8080/85 or an 80C86/88 based system. 

When used in conjunction with the 8080/85 micro¬ 
processor, the value given to this register is taken as being 
the high byte of the address in the CALL instruction sent 
to the CPU. 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

1 

1 

1 

1 

1 All 1 

1 

1 

1 1 


FIGURES. ICW2 FORMAT 

In an 80C86- or 80C88-based system, ICW2 is used to 
send the processor an interrupt vector. This vector is 
formed by taking the value of bits D7 through D3 and 
combining them with the interrupt request level to get an 
eight bit number. The processor will multiply this number 
by four and go to that absolute location in memory to find 
a starting address for the interrupt service routine 
corresponding to the interrupt request. 

For example, if we set ICW2 to “00011000” and an 
interrupt is recognized on IR1, the vector sent to the 
80C86(80C88) will be 00011001 (19H).The processor will 
then look to the memory location 64H to find the starting 
address of the corresponding interrupt service routine. It 
IS the responsibility of the software to provide this address 
in the interrupt table. 


D1 - SNGL; 

0 . This tells the 82C59A that more than one 82C59A 
is being used in the system, and it should expect to 
receive ICW3 following ICW2. How the particular 
82C59A is being used in the system will be 
determined either through ICW4 for buffered 
mode, or through the SP/EN pin for non-buffered 
mode operation. 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

1 

1 

1 1 

1 1 

1 1 

1 ^ 

1 X 1 

1 ^ 1 


FIGURE 6. ICW2 FORMAT (80C86 MODE) 
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2.3 ICW3: 

ICW3 is only issued when the SNGL bit in ICW1 has been 
set to zero. If not set, the next word written to the 82C59A 
will be interpreted as ICW4 if AO = 1 and IC4 from ICW4 
was set to one, or it could see It as one of the Operation 
Command Words based upon the state of the AO line. 

Like ICW2, this control word can be interpreted In two 
ways by the 82C59A. However the interpretation of this 
word depends on whether the 82C59A is being used as a 
"master” or a "slave” In the system. The definition of the 
particular devices role in the system is assigned through 
ICW4 (\^ich will be discussed later), or through the state 
of the SP/EN pin (pin 16). 


These bits are coded as follows: 

TABLE 3. SLAVE ‘iDENTIFiCATiON’ WITH iCW3 


MASTER IR number 

, 102 1 

i I01 

lOO 

IR7 

1 

1 

1 

IR6 

1 

1 

0 

IRS 

1 

0 

1 

IR4 

1 

0 

0 

IR3 

0 

1 

1 

IR2 

0 

1 

0 

IR1 

0 

0 

1 

IRQ 

0 

0 

0 


82C59A as a MASTER: 

If the given 82C59A Is being used as a master, the eight (8) 
bits in this command word are used to indicate which of 
the IR lines are being driven by a slave 82C59A. 


D7 

D6 

D5 

D4 

D3 

D2 

DI 

DO 

1 

S6 

S5 

1 1 

1 1 

1 

1 SI 1 

1 1 


FIGURE 7. ICW3 FORMAT (MASTER) 

D7 thru DO: 

0 : The corresponding IR line to this bit is not being 
driven by a slave 82C59A. This line can however 
then be connected to the interrupt output of 
another Interrupting device such as a UART. If 
there are unused bits in this byte because not all 
eight of the IR lines are used, set them to zero. 

1 : The corresponding IR line to this bit is being 
driven by a slave 82C59A. 

The bits in this command word are directly related to the 
IR lines. For example, to tell the 82C59A that there is a 
slave device connected to IRS (pin 23), bit D5 of the 
command word should be set to a one (1). 

82C59A as a SLAVE device: 

When the device is being used as a slave device, we must 
use ICW3 to inform Itself as to which IR line it will be 
connected to in the master. Therefore, only the three (3) 
least significant bits of ICW3 will be used to specify this 
value. 


D7 

D6 

D5 

D4 

D3 

D2 

DI 

DO 

Ld 

1 ^ 1 

1 ^ 1 

0 

1 ^ 1 

102 

1 1 

lOO 


FIGURE 8. iCW3 FORMAT (SLAVE) 


For example, if the I NT output of a “slave” 82C59A is 
connected to the input pin IRS on the "master” 82CS9A, 
ICW3 of the "slave” would be programmed with the value 
00000101b, or OSH. This informs the “slave” as to which 
priority level it holds with the "master”. 

D7 thru D3: These bits must be set to zeros (0) for proper 
operation of the device. 

2.4 ICW4: 

This control register is written to only when the IC4 bit is 
set in ICW1. The purpose of this command word is to set 
up the 82CS9A to operate in a mode other than the default 
mode of operation. The default mode of operation is the 
same as if a value of OOH were to be written to ICW4 (i.e. all 
bits set to zero). 


Aq D7 De D5 D4 D3 D2 Di Do 



NOTE Slave 10 is equal to the corresponding master IR input 


FIGURE 9. ICW4 FORMAT 

D7 thru D5: These bits must be set to zero for proper 
operation. 

D4 - SFNM: This bit is used in the selection of the Special 
Fully Nested Mode (SFNM) of operation. This 
mode should only be used when multiple 82C59As 
are cascaded in a system. It needs only to be 
programmed in the Master 82C59A in the system. 

0: Special Fully Nested Mode is not selected. 

1 : Special Fully Nested Mode is selected. 
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D3 - BUF. This bit tells the 82C59A whether or not the 
outputs from the data pins (DO - D7) will be 
^ffei^ed. If they are buffered, this bit will cause the 
SP/EN pm to become an output signal that can be 
used to control the “enable” pm on a buffering 
device(s). 

0 The device will be used m a non-buffered mode. 
Therefore, (JJ tjie M/S bit m ICW4 is a don’t care, 
and (2) the SP/EN pm becomesan input pmtellmg 
the device if it is being used as a master (pm 16 = 
High) oraslave(pin 16 = Low). For systems using a 
single 82C59A, the SP/EN input should be tied 
high 

1 The device is used m buffered mode. An enable 
output signal will be generated on pm 16, and the 
M/S bit will be used for determining whether the 
particular 82C59A is a “master” or a “slave”. 

D2 - M/S This bit is of significance only when the BUF bit 
IS set (BUF = 1). The purpose of this bit is to 
determine whether the particular 82C59A is being 
used as a “master” or a “slave” m the target 
system. 

0 The 82C59A is being used as a slave 

1 • The 82C59A is the master interrupt controller m 
the system 

D1 - AEOI This bit is used to tell the 82C59A to 
automatically perform a non-specific End-of-ln- 
terrupt on the trailing edge of the last Interrupt 
Acknowledge pulse Users should note that when 
this IS selected, the nested priority interrupt struc¬ 
ture IS lost 

0 Automatic End-of-Interrupt will not be generated. 

1 Automatic End-of-Interrupt will be generated on 
the trailing edge of the last Interrupt Acknowledge 
pulse 

DO - yuPM This bit tells the Interrupt Controller which 
microprocessor is being used in the system. An 
8080/8085, or an 80C86/80C88. 

0 : The 82C59A will be used in an 8080/8085 based 
system. 

1 82C59A to be used in the 80C86/88 mode of 

operation. 

3.0 Operation Command \Nords 

Once the Initialization Command Words, described m the 
previous section, have been written to the 82C59A, the 
device is ready to accept interrupt requests. While the 
82C59A IS operating, we have the ability to select various 
options that will put the device in different operating 
modes, by writing Operation Command Words (OCWs) to 
the 82C59A. These OCWs can be sent at any time after the 
device has been initialized and in any order. These words 
can be changed at any time as well. Note: If AO = 0 and D4 
of the command word = 1, the 82C59A will begin the ICW 
initialization sequence. 


There are three different OCWs for the 82C59A. Each has 
a different purpose. The first control word (OCW1) is used 
for masking out interrupt lines that are to be inactive or 
ignored during operation. OCW2 is used to select from 
various priority resolution algorithms in the device. 
Finally, OCW3 is used for (1) controlling the Special Mask 
Mode, and (2) telling the 82C59A which Register will be 
read on the next RD pulse; the ISR (In-service Register) or 
the IRR (Interrupt Request Register). 

3.1 OCW1: 

This control word is used to set or clear the masking of the 
eight (8) interrupt lines input to the 82C59A. This control 
word performs this function via the Interrupt Mask 
Register (IMR). In it’s initial state, the value of this register 
is OOH. In other words, all of the interrupt lines are 
enabled. Therefore, we need only write this control word 
when we wish to disable specific interrupt lines. 

A direct mapping occurs between the bits in this control 
word and the actual interrupt pins on the device. For 
example bit 7 (D7) controls interrupt line IR7 (pin 25), bit 6 
controls IR6, and so on. 


Aq 07 De D5 D4 D3 02 Dl Do 



FIGURE 10. OCW1 FORMAT 


Even though the user can mask off any of the IR lines, any 
interrupt occuring during that time will not be lost. The 
request for an interrupt is retained in the IRR; therefore 
when that IR is unmasked by issuing a new mask value to 
OCW1, the interrupt will be generated when it becomes 
the highest requesting priority. 

D7 thru DO: 

0 • When any of the bits in the control word are reset 
(0), the corresponding interrupt is enabled. 

1 : By setting a bit(s) to a one in the control word, the 
corresponding interrupt line(s) is disabled. 

For example, if the value 34H (00110100b) were written to 
OCW1, interrupts would be disabled from being serviced 
on lines IR2, IR4 and IR5. 

3.2 OCW2: 

In ICW4 bit Dl was used to specify whether the 82C59A 
should wait for an EOl (End of Interrupt) from the CPU, or 
generate its own EOl (Automatic EOl) . If bit Dl of ICW4 
had been programmed to be a zero, OCW2 would be used 
for sending the EOl to the 82C59A. Conversely, if this bit 
had been set to a one, OCW2 would be used for specifying 
whether or not the 82C59A should perform a priority 
rotation on the interrupts when the AEOI is detected. 
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0CW2 has several EOl options. The EOl issued can be 
either specific or non-specific. For each of these EOls, the 
user can specify whether or not priority rotation should be 
performed. 

D7 D6 D5 D4 D3 D2 D1 DO 


status can be checked by looking at the ISR or IRR 
registers, or by issuing a Poll Command to manually 
identify the highest priority interrupt requesting service. 


D5 D4 D3 D2 D1 DO 


R SL EOl 0 


L2 L1 LO 


0 ESMM SMM 0 


R 

SL 

EOl 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

1 

0 


R, SL, and EOl: 

These three bits are used for specifying how the device 
should handle AEOIs, or for issuing one of several 
different EOls. They are programmed as shown in the 
following table: 

TABLE 4. ROTATE AND EOl MODES 


Non-specific EOl command 
' Specific EOl command 
Rotate on non-specific EOl command 
Rotate in Automatic EOl mode (set) 
Rotate in Automatic EOl mode (clear) 
Rotate on specific EOl command 
" Set priority command 
‘ No operation 

*L0 - L2 are used 


L2, L1, and LO: 

These three bits of the control word are used in 
conjunction with the issuance of specific EOls or when 
specifically establishing a different priority structure. The 
bits tell the 82C59A which interrupt level is to be acted 
upon. Therefore, the software needs to know which 
interrupt is being serviced by the 82C59A. 

TABLE 5. INTERRUPT LEVEL TO ACT UPON 


IR level 0 
IR level 1 
IR level 2 
IR level 3 
IR level 4 
IR level 5 
IR level 6 
IR level 7 


3.3 OCW3: 

There are two main functions that OCW3 controls: (1) 
Interrupt Status, and (2) Interrupt Masking. Interrupt 


L2 

L1 

LO 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


Must be set to zero for proper operation of the 
82C59A. 


D6 - ESMM: Enable Special Mask Mode - The ESMM bit 
when enabled allows the SMM bit to set or clear 
the Special Mask Mode. When disabled, this bit 
causes the SMM bit to have no effect on the 
82C59A. 

0 : Disables the effect of the SMM bit. 

1 : Enable the SMM bit to control the Special Mask 
Mode. 

D5 - SMM: Special Mask Mode - The SMM bit is used to 
enable or disable the Special Mask Mode. This bit 
will only affect the 82C59A when the ESMM bit is 
set to 1. 

0 : Disable the Special Mask Mode. 

1 : Put the 82C59A into the Special Mask Mode. 

D4, D3: These bits are used to differentiate between 
OCW2, OCW3 and ICW1. To properly select 
OCW3, D4 must be set to zero and D3 must be set 
to one. 

D2 - P: Poll Command - This bit is used to issue the poll 
command to the 82C59A. The next read of the 
82C59A will cause a poll word to be returned 
which tells if an interrupt is pending, and if so, 
which is the highest requesting level. 

NOTE The poll command must be issued each time the poll op¬ 
eration IS desired. 

0: No poll command issued to the 82C59A. 

1 : Issue the poll command. 

D1 - RR: Read Register - This bit is used to execute the 
“read register” command. When this bit is set, the 
82C59A will look at the RIS bit to determine 
whether the ISR or IRR register is to be read. When 
issuing this command, the next instruction 
executed by the CPU should be an input from this 
same port to get the contents of the specified 
register. 

0 : No “Read Register” comrnand will be performed. 

1 : The next input instruction by the CPU will read 
either the contents of the ISR or the IRR as 
specified by the RIS bit. 
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DO - RIS: This bit is used in conjunction with the RR bit to 
select which register is to be read when the “Read 
Register” command is issued. 

0 : The next input instruction will read the contents of 
the Interrupt Request Register (IRR). 

1 : The next input instruction will read the contents of 
the In-Service Register (ISR) 

The two registers that can be accessed through the Read 
Register command are used to determine which 
interrupts are requesting service, and which one(s) are 
currently being serviced. 

The IRR bits get set when corresponding Interrupt 
requests are received. For instance, when IR4 is detected, 
bit D4 of the IRR will get set. When an interrupt 
acknowledge comes back from the CPU, the priority 
resolution logic will determine which interrupt request 
will be serviced. The corresponding bit in the In-service 
Register (ISR) will then be set. Clearing of the correct bits 
in the ISR occurs through out use of the AEOI, or by 
issuing an EOl to the device. 

4.0 Addressing the 82C59A 

There are two factors that must be taken into account 
when addressing the 82C59A in a system. T^begin with, 
the 82C59A is accessed only when the CS pm (chip 
select) sees an active signal (low). This signal is 
generated using control circuitry in the system. Secondly, 
the various registers within the 82C59A are selected 


based upon the state of the AO (address pm) as well as 
specific bits in the command words (i.e for ICW1, OCW2, 
and OCW3 AO must be a zero). 

The circuit in Figure 13 shows that the CS signal is 
generated using an HPL-82C338 Programmable Chip 
Select Decoder (PCSD). This device is being used as a 
3-to-8 decoder. Note that the G1 input is active high and 
G2 thru G5 have been programmed to be active low. The 
A, B, and C inputs to the 82C338 correspond to address 
lines AD2, AD3 and AD4 respectively, from the 80C88. 
The AO input to the 82C59A is also taken from the CPUs 
address bus; ADO is used. It should be noted that address 
line ADI from the 80C88 is not being used in the 
addressing of this particular peripheral. This is done to 
allow other peripheral devices that require two address 
inputs for internal register selection, to use address lines 
ADO and ADI from the processor. 

Because the ADI address line from the 80C88 is not being 
used, the 82C59Awill be addressed regardless of whether 
AD1 IS high or low (1 or 0). The remainder of the address 
lines from the 80C88 can either be a zero or one when 
addressing the 82C59A. For the examples to be 
presented, it can be assumed that all unused address lines 
will be set to zero when addressing the 82C59A. 

In Figure 13, output Y6 from the HPL-82C338 is being 
used as the CS input to the 82C59A. This line is enabled 
when the inputs on A, B, and C are: A = 0, B = 1, and C = 1. 
Combining this with the AO input to the 82C59A, we get 
the addresses 18H and 19H for accessing the 82C59A. 
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5.0 Programming the 82C59A 

As described earlier, there are two different types of com¬ 
mand words that are used for controlling 82C59A operation; 
the Initialization Command Words (ICWs) and the Operation 
Command Words (OCWs). To properly program the 
82C59A. it is essential that the ICWs be written first. When 
writing the ICWs to the 82C59A, they must be written in the 
following sequence: 

(1) Write ICW1 to the 82C59A, AO = 0. 

(2) Write ICW2 to the 82C59A, AO = 1. 

(3) if using cascaded 82C59As in system, write iCW3 to the 
82C59A, A0=1. 

{4)lf IC4 bit was set In ICW1, write ICW4 to the 82C59A. 

NOTE: When using multiple 82C59As in the system (cascaded), 
each one must be initialized following the above sequence. 

Once the 82C59A(s) has been configured through the ICWs. 
the OCWs can be used to select from the various operation 
mode options. These Include: masking of interrupt lines. 


selection of priority rotation. Issuance of EOls, reading of the 
ISR andsor IRR, etc. These OCWs can be written to the 
82C59A at any time during operation of the 82C59A. The 
various command words are identified by the state of 
selected bits in the words, rather than by the sequence that 
they are written to the 82C59A; as with the ICWs. Therefore, 
it is imperative that the fixed bit values in the command 
words be written as such to insure proper operation of the 
devlce(s). 

5.1 Example 1: Single 82C59A 

In Example 1, we are using a single 82C59A in a system to 
handle the interrupts caused by an 82C52 Programmable 
UART. The system is driven using an 80C86 Microprocessor. 
The system configuration is shown In Figure 14. 

interrupts are initiated by the 82C52 anytime it receives data 
on Its Serial Data In pin (SDI), or when It is ready to transmit 
more data via its Serial Data Out pin (SDO). 



FIGURE 14. EXAMPLE 1: SINGLE 82C59A 


7-26 




Application Note 109 


5.2 Example 2: Cascaded 82C59A8 

Example 2 illustrates how we can use multiple 82C59As in 
Cascade Mode. Figure 15 shows the interconnections 
between the master and slave interrupt controllers. In this 
example, only one interrupt can occur. This is generated by 


the 82C52 UART. Except for the fact that this system is con¬ 
figured with a Master-Slave interrupt scheme, it is the same 
as that in Example 1. 



FIGURE 15. EXAMPLE 2: CASCADED 82C59At 
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6.0 Expansion Past 64 Interrupts 

In some instances, it may be desirable to expand the number 
of available Interrupts in a system past the maximum of 64 
imposed when using cascaded 82C59As. The easiest way 
to accomplish this is through the use of the Poll command 
with the 82C59A. Figure 16 Illustrates one example of how 
this expansion can be accomplished. Notice that we are 
using two 3-to-8 decoders to address up to 16 82C59As. 
Selection of which decoder is active takes place using the 
OE pin driven by ADS from the CPU’s address bus. 

Wit h this t ype of interrupt structure, we are not using the I NT 
and INTA lines from our processor (80C88 for this example). 
Because of this, no interrupts will break execution of the sys¬ 
tem software. Therefore, It Is the task of the software to poll 


the various 82C59As in the system to see If any interrupts 
are pending. Once It has been established which interrupt 
requires servicing, the software can take appropriate action. 

There are disadvantages to using the poll mode for the sys¬ 
tems interrupt structure: (1) the overhead of polling each of 
the 82C59AS reduces the systems efficiency, and (2) real¬ 
time interrupt servicing cannot be guaranteed. 

There are several advantages to using the poll mode in this 
manner: (1) there can be more than 64 priority interrupts in 
the system, and (2) memory in the system is freed because 
no interrupt vector table is required. 
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HARRIS 80C286 PERFORMANCE ADVANTAGES 
OVER THE 80386 

Author: Ted Dimbero 


The Harris 80C286, operating at the same frequency as the 
80386, has performance advantages over the 80386 when 
executing 16-bit industry standard 80C86 or 80C286 
code. This is evident in the following areas: 

(1) Input/Output Handling 

(2) Interrupt Handling 

(3) Control Transfer (Loop, Jump, Call) 

(4) 286 Protected Mode Systems 

(5) Multi-Tasking and Task Switching Operations. 

This advantage is due to the 80C286 requirement of fewer 
clock cycles to execute the same instructions. In addition to 
these areas, the 80C286 executes many other instructions 
in the same number of clock cycles as the 80386. 

This results in an 80C286 performance advantage in areas 
including: 

• Multi-Tasking Systems. 

• Control Applications — utilizing interrupt and I/O 
instructions. 

• Structured Software — utilizing many Control transfer 
instructions. 

• Operating Systems that rely on interrupts to perform 
functions. 

• Upgrading 16-bit 80C86 applications for increased 
performance. 

The 80C286 can be effectively used as a fast 80C86. How¬ 
ever, the 80386 is not a fast 80C286. This study shows that 
software written for the 80C86/80C286 can execute more 
efficiently on the 80C286 than on the 80386. There Is no 
significant performance advantage to be gained by simply 
moving a system design from an 80C286 to an 80386 at 
either 16MHz or 20MHz. The 80C286 is the processor best 
suited for executing 16-bit 80C86/80C286 code, which 
represents the world’s largest base of microprocessor 
software. 


Architecture Background 

The 80C286 Harris’ newest static CMOS microprocessor 
combines low operating and standby power with high 
performance. The Harris 80C286 is available in speeds of 
12.5MHz, 16MHz, 20MHz and 25MHz. 

The 80C286 evolved from the industry standard 80C86 
microprocessor. The 80C286 has vast architectural 
enhancements over its predecessor that allow the 80C286 
to execute the same code with a significant performance 
increase. Disregarding the clock speed increase, when 
upgrading from an 80C86 to an 80C286, the 80C286 can 
execute the same code with an increase in throughput of up 
to 4 times that of the 80C86. This increase is solely due to 
the architectural enhancements. 

It is a common belief that replacing an 80C286 with the 
32-bit 80386 microprocessor will yield similar perform¬ 
ance increases. This is not the case. The new architecture 
gives the 80386 32-bit capability and increased protection 
features, but it does not significantly increase the through¬ 
put of 16-bit 8086 or 80286 code. In most cases, when 
executing industry standard 8086 or 80286 code, 
replacing the 80C286 with an 80386 does not result in a 
significant performance increase. In some cases, such a 
replacement will actually cause a performance degradation. 

Figure 1 illustrates a comparison of the number of clock 
cycles needed to execute several instructions available on 
all three microprocessors (80C86, 80C286, and 80386). 
This Illustrates the dramatic effect of 80C286 architectural 
enhancements on performance when compared to the 
80C86 and the lack of similar performance improvement 
when executing 8086/80286 code on the 80386. 

With an 80C86 to 80C286 upgrade, system designers 
can execute existing 8086 code on the 80C286 and 
take advantage of an immediate performance upgrade. 
This same benefit is not realized when switching from 
an 80C286 to an 80386. This comparison illustrates 
that changing from an 80C286 to an 80386 does 
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mi MUL [BXl 
Q XOR AX. [BP] [SI] 
fH OUT PORT. AX 

□ NOT[BX+10] 

□ CALL near 
^ LOOP 


Ul ADD mem [BX] [Dl]. AX 





FIGURE 1. ARCHITECTURAL COMPARISON 


not yield Increased throughput when executing the same 
industry standard 80C86/80C286 code (the world’s largest 
base of microprocessor software). 

instruction Comparison 

The Appendix in this document illustrates a direct compari¬ 
son of the number of clock cycles needed to execute the 
same instructions on the 80C286 and the 80386. The table 
includes examples of instruction timing for all instructions 
available on both processors. Several addressing modes of 
each instruction type are included. 

Of the 190 instruction examples analyzed, 74 of the instruc¬ 
tions execute faster on the 80C286 than on the 80386; 66 
of the instructions analyzed execute in the same number of 
clock cycles on both processors. This leaves only 50 in¬ 
structions with improved performance on the 80386 (See 
Figure 2). Over 70% of the instructions analyzed execute as 
fast or faster on the 80C286 than on the 80386. 



FIGURE 2. EXECUTION SPEED COMPARISON 
(NUMBER OF INSTRUCTIONS) 


This is vastly different than the previous 86-286 upgrade. 
With that upgrade, the 80C286 exhibits equal or better per¬ 
formance than the 80C86 with 100% of the instructions. 
This clearly indicates that the 80C286 is the processor best 
suited for executing industry standard 8086 family code. 

The following discussion groups each of the instructions 
into one of several categories to analyze which applications 
will benefit from utilizing the 80C286. The categories used 
are: 

• Jumps. Calls, Returns and Loops (Real Mode). 

• I/O Instructions. 

• Logic, Arithmetic, Data Transfer, Shift and Rotate 
Instructions. 

• Interrupts. 

• Miscellaneous Instructions. 

• Protected Mode/MuIti-Tasking Instructions. 

Jumps, Calls and Loops 

In real mode, near calls, jumps, and conditional jumps 
(transfers within the current code segment) all take the 
same number of clock cycles to execute on the 80C286 
and the 80386. Since the segment sizes are larger on the 
80386, the near transfer instructions on the 80386 can 
transfer a greater distance. 

The far calls and jumps (transfers that switch to a new code 
segment; i.e., a code segment context switch) are faster on 
the 80C286: four clocks and one clock respectivley. The far 
return instruction executes in three less clock cycles on the 
80C286, and the near return takes one extra clock cycle. 
The protected mode calls, jumps, and returns are all faster 
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— ADVANTAGE 


80C286 

NONE 

80386 


X 


X 



X 




on the 80C286 and are discussed in the section on 
Protected Mode. 

The loop instruction is three clock cycles faster on the 
80C286 than the 80386. Thus, the 80C286 would save 300 
clock cycles over the 386 If a LOOP Instruction were 
executed 100 times. 


INSTRUCTION 

Near JMP and CALL 
Far CALL. JMP and RET 
LOOP 


I/O Instructions 

The 80C286 has a significant advantage with the I/O 
instructions. The IN instruction is almost 2 1/2 times faster 
on the 80C286; the 80386 takes 7 extra clock cycles to ex¬ 
ecute the same instruction. The OUT instruction is over 3 
times faster on the 80C286; again the 80386 takes 7 extra 
clock cycles to execute the same instruction. Executing the 
I/O instructions on the 80386 is equivalent to executing on 
the 80C286 with 7 wait states. 

The string I/O Instructions (INS and OUTS) are also signifi¬ 
cantly faster on the 80C286. The INS instruction is 10 clock 
cycles faster on the 80C286, and the OUTS instruction is 9 
clock cycles faster. This is particularly Important if the string 
operations are going to be used to input or output a large 
block of data using the REP prefix. Inputing 100 words of 
data with the REP INS instruction is 208 clock cycles faster 
on the 80C286. An even more significant difference can be 
seen when outputing 100 words with the REP OUTS 
Instruction. In this case, the 80C286 is 800 clock cycles 
faster than the 80386. 


INSTRUCTION 


-ADVANTAGE 

E- 

80C286 

NONE 

80386 

X 



X 



X 



X 




Most of the string manipulation instructions execute In the 
same number of clock cycles on both processors. The 
MOVS and STOS instructions are faster on the 80C286. 

The divide Instruction executes in the same number of clock 
cycles on both processors. The number of clocks to 
execute the multiply instruction on the 80386 is data 
dependent; the number of clocks to execute the same 
instruction on the 80C286 is fixed. On average, the multiply 
instruction is five clock cycles faster on the 80386, but 
depending on the data, the 80386 could be as many as 4 
clock cycles slower than the 80C286. 

The rotate and shift instructions are faster on the 80386. 
Unlike the 80C286, the 80386 rotate and shift instructions 
do not depend on the number of bits to be shifted or rotated. 
Thus, the 80386 has the advantage with multi-bit rotate and 
shift instructions. The 80C286 does, however, execute 
single bit rotate and shift instructions faster. 


— ADVANTAGE — 
80C286 I NONE I 80386 


Logic, Arithmetic, Data Transfer, Shift 
and Rotate Instructions 

Most forms of the logic, arithmetic, and data transfer 
instructions execute In the same number of clock cycles on 
both processors. Certain operand combinations of these 
instructions (immediate to register for example) take one 
extra clock cycle to execute on the 80C286. 

In real mode, the segment register transfer instructions 
execute as fast or faster on the 80C286 than they do on the 
80386. For example, using the POP instruction to transfer 
data Into a segment register is 2 clock cycles faster on the 
80C286. 


INSTRUCTION 

Most Logic and Arithmetic 

Certain Operand 
Combinations of Logic 
and Arithmetic 


Multiply 

Single Bit Shift or Rotate 
Multi-Bit Shift or Rotate 
String Instructions 


Interrupts are serviced more quickly on the 80C286. The 
INT instruction, in real mode, executes 14 cycles faster on 
the 80C286 than it does on the 80386. The INTO, BOUND, 
and other instructions that can cause an interrupt all benefit 
from the faster interrupt handling features of the 80C286. 
The return from interrupt instruction (IRET) is 7 clock cycles 
faster on the 80C286. The PUSHA and POPA Instructions, 
frequently used by interrupt handling procedures, are both 
faster on the 80C286. Protected Mode interrupt handling is 
discussed in the Protected Mode section. 


INSTRUCTION 

INTn _ 

INTO _ 

BOUND (If Interrupt) 
Break Point Interrupt 


-ADVANTAGE 

■ — 

80C286 

NONE 

80386 

X 



X 



X 



X 
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Miscelianeous instructions 


The BCD instructions, HLT, and CBW execute from 1 to 5 
clock cycles faster on the 80C286. The instructions to set 
and clear individual flags and the CWD instruction all 
execute In the same number of cycles on both processors. 
The ENTER, LEAVE, and BOUND instructions are from 1 to 
3 cycles faster on the 80386. The BOUND instruction Is 
only faster if an interrupt is not caused by the instruction. 


—ADVANTAGE~ 
80C286 I NONE 80386 


Most of the 80286 protected mode access checking 
instructions operate as fast or faster on the 80C286 than on 
the 80386. The LAR instruction is one clock cycle faster on 
the 80C286 and the LSL instruction is 5 clock cycles faster. 
The VERW instruction executes in the same speed on both 
processors and the VERR is 5 cycles faster on the 80386. 
The ARPL instruction used in protected mode procedures 
for pointer validation is 10 clock cycles faster on the 
80C286. 



INSTRUCTION 


BCD Instructions 


Data Conversion 
(CBW, CWD) 


Flag Settling and Clearing 


BOUND (If No Interrupt) 


Protected Mode/MulthTasking 

When executing 80286 protected mode code, the 80C286 
significantly out-performs the 80386. Task switching oper¬ 
ations execute 100 to 113 clock cycles faster on the 
80C286. The instruction to return from a called task is 63 
clock cycles faster on the 80C286. This results In a very 
significant performance increase for systems utilizing the 
multi-tasking features. 

Inter-segment JMP, CALL and segment loading instruc¬ 
tions also operate faster on the 80C286. The 80C286 saves 
anywhere from 4 to 11 clock cycles depending on the 
particular inter-segment transfer instruction. In protected 
mode, the inter-segment return is also faster on the 
80C286. The 80C286 is 7 clock cycles faster when execut¬ 
ing an inter-segment return to the same privilege level and 
Is 13 cycles faster on inter-segment returns to a different 
privilege level. 

The instructions to initialize and check the protected mode 
registers execute as fast or faster on the 80C286. The IDTR 
access instructions are an exception to this in that they take 
one extra clock cycle to execute on the 80C286. The 
instruction to switch the processor to protected mode 
(LMSW) is 7 cycles faster on the 80C286. 


-ADVANTAGE 



INSTRUCTION 


Task Switching 


Segment Register Loading 


Inter-Segment T ransfer 
System Register Instructions | 
Inter-Segment Transfers 


Access Checking X 

instructions 

Subroutine Analysis 

This section lists several subroutines and then compares 
the number of clock cycles each subroutine will take to exe¬ 
cute on the 80C286 and on the 80386. 

EXAMPLE 1 

This interrupt routine outputs a character to a terminal via a 
UART. The AL register must contain the character to be 
output. The routine first checks the status of the UART to 
determine if it is busy. If it is busy, the routine loops until the 
UART is free; when the UART is free, the character is output. 
Following is a listing of the code and the clock clycle analy¬ 
sis for the OUT_CHAR routine. 

This sample procedure executes about 25% faster on the 
80C286 than on the 386. The advantage is realized through 
the 80C286’s faster interrupt handling and faster I/O 
instructions. 


80C286 

CLOCK CYCLES 


80386 

CLOCK CYCLES 


OUT_CHARACTER PROC NEAR 



CK_STATUS: 


PUSHF 
PUSH AX 

INAL, PORT_STATUS 
CMPAL, BUSY 
JE Cie_STATUS 
POP AX 

OUTOUT_PORT,AL 


save callers flags, 
save data to be output. 

Input UART status. 

Check If UART Busy 
If busy go check again. 

If not busy restore AX 
and output data. 

Restore Flags 
Return. 

Instruction to Initiate OUTCHAR 


Total cycles if UART not busy. 

Number of cycles added for each loop while UART is busy. 
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EXAMPLE 2 

The second example outputs an entire string of characters 
using the previous interrupt routine (denoted by “INT x” in 
the code below). The DS:SI registers point to the beginning 


of the string to be output. The string is variable in length and 
must be terminated with the character. 



80C286 

CLOCK CYCLES 

80386 

CLOCK CYCLES 

OUT_STRING PROC FAR 



PUSHA 

LODSB 

CMPAL,“$” 

JE done 
INTx 
JMP next 
POPA 
RET 

Call OUT_STRING 


save caller’s registers. 

Load first char to be output. 
Check to see if End of string. 

If end then goto DONE. 

If not end output character. 

Go get next char to output. 
Restore Registers when done. 
Far Return. 


Call OUT_STRING ; Far Call to initiate 

; OUT_STRING procedure. 

Total number of clocks to start and end routine. 

+Number of additional clocks to output each character In the output string 


To output a string of 20 characters, the 80C286 would take 
1,899 clock cycles; using the same routine, the 80386 
would take 2,511 cycles. Each time a string of 20 charac¬ 
ters is output, the 80C286 will save 612 clock cycles; an 


80C286 performance increase of almost 25%. The advan¬ 
tage is realized through the 80C286’s faster interrupt handl¬ 
ing, faster I/O instructions, faster FAR transfer Instructions 
and faster register saving and restoring instructions. 


EXAMPLE 3 

This example adds all the values of a source array in 
memory to the values of a destination array in memory. The 
result is stored in the destination array. Both arrays are 
assumed to be in the current data segment. The count 


80C286 80386 

CLOCK CYCLES CLOCK CYCLES 



(number of words in the array), offset of source array, and 
offset of destination array are all assumed to be placed on 
the stack (In that order) by the calling program. The source 
code for the procedure is listed below: 


ADD_ARRAY PROC NEAR 


PUSHA 
MOV BP, SP 
MOVCX, [bp+221 

MOV SI, [bp-l-20] 

MOV Dl. [bp+181 

OLD 
LODSW 
ADD [Dl], AX 
ADD Dl, 02 
LOOP NEXT 


Save caller’s registers. 

Point BP to current stack 
Load array size from stack 
into CX. 

Load offset of source array 
from stack into SI. 

Load offset of destination 
array from stack Into Dl. 

Clear Direction Flag. 

Load the source word Into AX. 
Add source to destination. 
Point Dl to next data. 

Continue to ADD ail elements 
in the two arrays. 

Restore Registers 
Near return. 


; Following is the code necessary to set up and call the above procedure. 


PUSH count 

PUSH offset S_ARRAY 


PUSH offset D^RRAY 


CALLADD^RRAY 


; Put count parameter on stack 
; Put offset of source array 
; on stack. 

; Put offset of destination 
; array on stack. 

; Near Call to Initiate 
; ADD_ARRAY procedure. 


Total number of clocks to start and end routine. 

+Number of additional clocks for each Item In array to be added. 


Both processors take the same number of clock cycles for clock cycles; the 80386 takes 2,584 (an additional 204 
initialization before the call and closing up after the call (84). clocks) to execute the same routine. In this example, the 
The loop that does the adding is faster on the 80C286. To LOOP Instruction gives the 80C286 the performance 
add two 100 word arrays, the 80C286 would take 2,380 advantage over the 80386. 


7-33 


APPLICATION 

NOTES 


























Application Note 111 


EXAMPLE 4 


This procedure is an example of an operating system 
procedure developed for a protected mode multi-privilege 

level system. The procedure INIT_SEGMENT is passed a 

segment selector on the stack and will load that entire 
segment with zero’s. The procedure is designed to execute 
at privilege level zero with a call gate at privilege level 3; this 


allows procedures executing at any level to utilize the 
INIT_SEGMENT procedure. INIT_SEGMENT provides 
protection checks to ensure that the procedure passing the 
parameter has valid access to the segment that it is trying to 
initialize. This prevents a procedure at privilege level three 
from initializing a segment at privilege level zero. 


80C286 

CLOCK CYCLES 


80386 

CLOCK CYCLES 


INIT_SEGMENT PROC FAR WC=1 



MOV BP, SP 
MOVAX,[BP+22] 

MOV BX, [BP+201 

ARPLAX, BX 


MOV ES, AX 


save caller’s registers, 
save ES register. 

Point BP to top of stack. 

Load AX with segment selector 
passed as parameter on stack. 
Load BX with return CS to 
determine caller’s CPL. 

Adjust the Privilege level of 
the segment selector according 
to the caller’s CPL. 

Test for valid write access 
If no valid access goto error. 
LOAD ES with segment to be 
initialized. 

Load segment size into CX. 
Load zero into Dl. 

Load zero Into AX. 

Clear decrement flag. 

Init entire segment to 00. 

Clear carry to indicate segment 
initialized with no errors. 
Restore ES register. 

Restore Register 

Ret FAR to different privilege 

SET carry to indicate error. 


; Code to push selector on stack and initiate INIT SEGMENT via call gate. 

PUSH DATA_SELECTOR ; Place Selector on stack. 


CALL 1NIT_SEGMENT_GATE 


; Instruction to initiate 


; INIT SEGMENT procedure. 

Total clocks if ERROR because segment not accessible. 

Total number of clocks if segment is Initialized to zeros. “S” represents size of segment 
in bytes. 


This example shows that when executing instructions used faster when executing the same procedure. With the LODS 
for privilege verification and privilege level transitions the instruction, and assuming a segment size of 100 bytes, the 
80C286 Is faster than the 80386. Without taking the LODS 80C286 would execute this routine 238 clock cycles faster 
instruction into account, the 80C286 is 38 clock cycles than the 80386. 
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EXAMPLE 5 


This Procedure is a task dispatcher that is invoked via an 
interrupt to cause a task switch to occur. This procedure 
utilizes a. circular linked list of the tasks that need to be 
executed. A pointer called “CURRENT_TASK” points to 
the data structure for the current task being executed. The 
data structure contains the TSS for the task it is describing 
and a NEXT field that points to the data structure of the next 
task in the list to be executed. When the Task Dispatcher is 
invoked It switches the current pointer to the next task in the 


list and then invokes the new task by jumping to the TSS for 
that task. The data structure for the linked list is illustrated 
below. 

The task dispatcher is actually a separate task that is 
invoked via an interrupt that signals that a new task should 
be initiated. Following Is a listing for the simple task 
dispatcher. 


CURRENT_TASK- 


TSS1_SEL 

NEXT_PTR 


TSS2_ SEL 
NEXr_PTR 


TSS3_ SEL 
NEXT_PTR 



80C286 

80386 



CLOCK CYCLES 

CLOCK CYCLES 

TASK_DISPATCH PROC FAR 



START: MOV BX, CURRENT TASK + 2 


MOV CURRENT TASK, BX 


JMP DWORD PTR [BX-21 


Load BX with contents of next 
field of current TASK. BX will 
contain the address of the data 
structure for next task to run. 
Update Current Task to point to 
new task to be executed. 

Start new task by jumping to TSS 
for new task. 

JUMP to start for next time the 
TASK dispatcher Is invoked. 


The advantage of the 80C286 in this case is in the faster 
task switch instruction. The task switch instruction Is 101 
clock cycles faster on the 80C286 than on the 80386. This 


performance increase makes the 80C286 the clear choice 
for mutl-tasking applications. 
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Appendix 


This appendix contains a table directly comparing the num¬ 
ber of clock cycles necessary to execute all the instructions 
available on both the 80C286 and the 80386. The table 
includes several addressing modes of each instruction. 

The table has five columns. The first column list the instruc¬ 
tion being compared. The second column lists the number 
of clock cycles that the 80C286 needs to execute that 
Instruction. The third column lists the number of clock 
cycles needed by the 80386 to execute the same Instruc¬ 


tion. The fourth column divides the number of cycles 
needed by the 80386 by the number of cycles needed by 
the 80C286. If this figure is greater than one, (see fifth 
column) then the 80C286 Is faster than the 80386. For 
example, a 2.0 would indicate the 80C286 executes the 
same instruction twice as fast as the 80386. A 1.0 indicates 
that both processors execute the instruction in the same 
number of cycles. A number less than one indicates the 
80386 is faster than the 80C286. 


80C286 INSTRUCTION 

NUMBER 
CLOCKSTO 
EXECUTE 

ON 80C286 

NUMBER 
CLOCKSTO 
EXECUTE 

ON 80386 

80386/ 

80C286 

80C286 
FASTER 
THAN OR 
EQUALTO 
80386 

AAA 

3 

4 

1.33 

%/ 

AAD 

14 

19 

1.36 


AAM 

16 

17 

1.06 

v/ 

AAS 

3 

4 

1.33 

v/ 

ADC reg, reg 

2 

2 

1.00 

v/ 

ADC mem, reg 

7 

7 

1.00 


ADC reg, immed 

3 

2 

0.67 


ADC mem, immed 

7 

7 

1.00 

v/ 

ADD reg, reg 

2 

2 

1.00 

v/ 

ADD mem, reg 

7 

7 

1.00 

v/ 

ADD reg, immed 

3 

2 

0.67 


ADD mem, Immed 

7 

7 

1.00 

v/ 

AND reg, reg 

2 

2 

1.00 

v/ 

AND mem, reg 

7 

7 

1.00 

v/ 

AND reg, immed 

3 

2 

0.67 


AND mem, immed 

7 

7 

1.00 


ARPL reg, reg 

10 

20 

2.00 

v/ 

ARPL mem, reg 

11 

21 

1.91 

v/ 

BOUND (no interrupt) 

13 

10 

0.77 


CALL immed (near) 

7 

7 

1.00 

v/ 

CALL immed (far real mode) 

13 

17 

1.31 

v/ 

CALL immed (farPVAM) 

26 

34 

1.31 

v/ 

CALL gate (same privilege PVAM) 

41 

52 

1.27 

v/ 

CALL gate (different privilege PVAM) 

82 

86 

1.05 

v/ 

CALL TSS (Task Switch PVAM) 

177 

278 

1.57 

v/ 

CALL task_gate (Task Switch PVAM) 

182 

287 

1.58 

v/ 

CBW 

2 

3 

1.50 

i/ 

CLC 

2 

2 

1.00 

v/ 

CLD 

2 

2 

1.00 

v/ 

CLI 

3 

3 

1.00 

v/ 

CLTS 

2 

5 

2^50 

y/ 

CMC 

2 

2 

1.00 

v/ 

CMP reg, reg 

2 

2 

1.00 

v/ 

CMP mem, reg 

6 

5 

0.83 


CMP reg, Immed 

3 

2 

0.67 


CMP mem, immed 

6 

5 

0.83 


CMPS 

8 

10 

1.25 

v/ 

CWD 

2 

2 

1.00 

v/ 
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80C286 INSTRUCTION 


DAA 
DAS 
DECreg 
DEC mem 
DIV word, reg 
DIV word, mem 

ENTER Immedi, immed2 (immed 2 = 6) 
HLT 

IDIV word, reg 
IMUL word, mem 
IN 

INC reg 
INC mem 
INS 

INT 3 (real mode) 

INT immed (real mode) 

INT immed (PVAM same privilege) 

INT immed (PVAM different privilege) 

INT TASK_GATE (PVAM Task Switch) 
INTO (No Jump) 

INTO (Yes Jump real mode) 

IRET (real mode) 

IRET (PVAM same privilege) 

IRET (PVAM different privilege) 

IRET (PVAM task switch) 

Jcond label (No jump) 

Jcond label (Yes jump) 

JMP near_label 

JMP Far_label (real mode) 

JMP FAR_LABEL (PVAM) 

JMP CALI_GATE (PVAM same privilege) 

JMP TASK_GATE (PVAM task switch) 
JMP TSS (PVAM task switch) 

LAHF 
LAR reg 
LAR mem 
LDS (real mode) 

LDS(PVAM) 

LEA 

LEAVE 

LGDT 

LIDT 

LLDTreg 

LLDT mem 

LMSWreg 

LMSW mem 

LODS 

LOOP (Jump) 

LOOP (No Jump) 


NUMBER 
CLOCKSTO 
EXECUTE 
ON 80C286 



NUMBER 
CLOCKSTO 
EXECUTE 

ON 80386 

80386/ 

80C286 

80C286 
FASTER 
THAN OR 
EQUALTO 
80386 

4 

1.33 


4 

1.33 

v/ 

2 

1.00 

v/ 

6 

0.86 


22 

1.00 


25 

1.00 

v/ 

35 

0.97 


5 

2.50 

v/ 

27 

1.08 

v/ 

19 

0.79 


12 

2.40 

v/ 

2 

1.00 

v/ 

6 

0.86 


15 

3.00 


33 

1.43 

v/ 

37 

1.61 


59 

1.48 

v/ 

99 

1.27 


280 

1.68 

v/ 

3 

1.00 

v" 

35 

1.46 

v/ 

22 

1.29 


38 

1.23 

v/ 

82 

1.49 

v/ 

232 

1.37 

v/ 

3 

1.00 

v/ 

7 

1.00 

v/ 

7 

1.00 

y/ 

12 

1.09 

v/ 

27 

1.17 

y/ 

45 

1.18 


288 

1.57 

v/ 

279 

1.57 


2 

1.00 

v/ 

15 

1.07 

v/ 

16 

1.00 

y/ 

7 

1.00 

y/ 

22 

1.05 

y/ 

2 

0.67 


4 

0.80 


11 

1.00 

y/ 

11 

0.92 


20 

1.18 

y/ 

20 

1.05 

y/ 

10 

3.33 

y/ 

13 

2.17 

y/ 

5 

1.00 

y/ 

11 

1.38 

y/ 

11 

2.75 

y/ 
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80C286 INSTRUCTION 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80C286 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80386 

80386/ 

80C286 

80C286 
FASTER 
THAN OR 
EQUALTO 
80386 

LSL reg 

14 

20 

■91 

v/ 

LSL mem 

16 

21 

HBB 

y/ 

LTR reg 

17 

23 


v/ 

LTR mem 

19 

27 

1.42 

y/ 

MOV reg, reg 

2 

2 

1.00 

y^ 

MOV mem, reg 

3 

2 

0.67 


MOV reg, immed 

2 

2 

1.00 

v/ 

MOV mem, immed 

3 

2 

0.67 


MOV seg_reg, reg (real mode) 

2 

2 

1.00 

y^ 

MOV seg_reg, mem (real mode) 

5 

5 

1.00 

y^ 

MOV seg_reg, reg (PVAM) 

17 

18 

1.06 

y/ 

MOV seg_reg, mem (PVAM) 

19 

19 

1.00 

v/ 

MOVS 

5 

7 

1.40 

y/ 

MUL reg 

21 

15 

0.71 

y/ 

NEG reg 

2 

2 

1.00 

y/ 

NEG mem 

7 

6 

0.86 


NOP 

3 

3 

1.00 

y/ 

NOT reg 

2 

2 

1.00 

v/ 

NOT mem 

7 

6 

0.86 


OR reg, reg 

2 

2 

1.00 

y/ 

OR mem, reg 

7 

6 

0.86 


OR reg, immed 

3 

2 

0.67 


OR mem, immed 

7 

7 

1.00 

y/ 

OUT 

3 

10 

3.33 

y/ 

OUTS 

5 

14 

2.80 

y/ 

POP reg 

5 

4 

0.80 


POP mem 

5 

5 

1.00 

y/ 

POP seg_reg (real mode) 

5 

7 

1.40 

y/ 

POP seg_reg (PVAM) 

20 

21 

1.05 

y/ 

POPA 

19 

24 

1.26 

y/ 

POPF 

5 

5 

1.00 

y/ 

PUSH reg 

3 

2 

0.67 


PUSH mem 

5 

5 

1.00 

y/ 

PUSH seg_reg 

3 

2 

0.67 


PUSHA 

17 

18 

1.06 

y/ 

PUSHF 

3 

4 

1.33 

y/ 

RCR or RCL reg, 1 

2 

9 

4.50 

y/ 

RCR or RCL mem, 1 

7 

10 

1.43 

y/ 

RCR or RCL reg, cl (cl = 4) 

9 

9 

1.00 

y/ 

RCR or RCL mem, cl (cl = 4) 

12 

10 

0.83 


RCR or RCL reg, 4 

9 

9 

1.00 

y/ 

RCR or RCL mem, 4 

12 

10 

0.83 


ROR or ROL reg, 1 

2 

3 

1.50 

y/ 

ROR or ROL mem, 1 

7 

7 

1.00 

y/ 

ROR or ROL reg, cl (cl = 4) 

9 

3 

0.33 


ROR or ROL mem, cl (cl = 4) 

12 

7 

0.58 


ROR or ROL reg, 4 

9 

3 

0.33 


ROR or ROL mem, 4 

12 

7 

0.58 

















Application Note 111 


Appendix (Continued) 


80C286 INSTRUCTION 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80C286 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80386 

80386/ 

80C286 

80C286 
FASTER 
THAN OR 
EQUALTO 
80386 

REPINS (cx = 100) 

405 

613 

1.51 

v/ 

REPMOVS(cx = 100) 

405 

405 

1.00 

v/ 

REPOUTS (cx = 100) 

405 

1205 

2.98 


REPSTOS(cx=100) 

304 

505 

1.66 

v/ 

REPCMPS(cx = 100) 

905 

905 

1.00 

v/ 

REPE CMPS(N = 100) 

905 

905 

1.00 

v/ 

REPE SCAS(N = 100) 

805 

805 

1.00 

v/ 

RET (near) 

11 

10 

0.91 

>/ 

RET (far real mode) 

15 

18 

1.20 

RET (far PVAM same privilege) 

25 

32 

1.28 

v/ 

RET (far PVAM different privilege) 

55 

68 

1.24 

v/ 

SAHF 

2 

3 

1.50 

v/ 

SHIFT reg, 1 (SHIFT = SAL, SAR, SHR) 

2 

3 

1.50 

v/ 

SHIFT mem, 1 

7 

7 

1.00 

v/ 

SHIFT reg, cl (cl = 4) 

9 

3 

0.33 


SHIFT mem, cl (cl = 4) 

12 

7 

0.58 


SHIFT reg, 4 

9 

3 

0.33 


SHIFT mem, 4 

12 

7 

0.58 


SBB reg, reg 

2 

2 

1.00 

v/ 

SBB mem, reg 

7 

6 

0.86 


SBB reg, immed 

3 

2 

0.67 


SBB mem, immed 

7 

7 

1.00 

v/ 

SCAS 

7 

7 

1.00 

v" 

SGDT 

11 

9 

0.82 


SIDT 

12 

9 

0.75 


SLOT reg 

2 

2 

1.00 

v/ 

SLOT mem 

3 

2 

0.67 


SMSW reg 

2 

2 

1.00 

v/ 

SMSW mem 

3 

2 

0.67 


STS 

2 

2 

1.00 

v/ 

STD 

2 

2 

1.00 

v/ 

STI 

2 

3 

1.50 

v/ 

STOS 

3 

4 

1.33 

v/ 

STR reg 

2 

23 

11.50 

v/ 

STR mem 

3 ! 

27 

9.00 ! 

v/ 

SUB reg, reg 

2 

2 

1.00 ! 

v/ 

SUB mem, reg 

7 

6 

0.86 


SUB reg, immed 

3 

2 

0.67 


SUB mem, immed 

7 

7 

1.00 

v/ 

TEST reg, reg 

2 

2 

1.00 

v/ 

TEST mem, reg 

6 

5 

0.83 


TEST reg, immed 

3 

2 

0.67 


TEST mem, immed 

6 

5 

0.83 


VERR reg 

14 

10 

0.71 


VERR mem 

16 

11 

0.69 


VERW reg 

14 

15 

1.07 

v/ 

VERW reg 

16 

16 

1.00 
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80C286 INSTRUCTION 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80C286 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80386 

80386/ 

80C286 

80C286 
FASTER 
THAN OR 
EQUALTO 
80386 

WAIT 

3 

6 

2.00 

v/ 

XCHG reg, reg 

3 

3 

1.00 

v/ 

XCHG reg, mem 

5 

5 

1.00 

v/ 

XLAT 

5 

5 

1.00 

v/ 

XOR reg, reg 

2 

2 

1.00 

v/ 

XOR mem, reg 

7 

6 

0.86 


XOR reg, immed 

3 

2 

0.67 


XOR mem, immed 

7 

7 

1.00 

v/ 

TOTAL number clocks to execute all instructions 

6978 

9048 



AVERAGE 



1.24 


Number of Instructions faster on 80C286 


74 



Number of Instructions equal on both processors 


66 



Number of Instructions faster on 80386 


50 



Total Number of instructions analyzed 


190 



















Harris Semiconductor 



No. 112 March 1989 


Harris Digital 


80C286/80386 HARDWARE COMPARISON 

Author: Ted Schaufelberger 


The Harris 80C286 static CMOS microprocessor, available 
with maximum operating frequencies of 16-MHz and 20- 
MHz, offers both performance and design advantages over 
the 80386 when operating at the same frequency. When 
both the 80C286 and 80386 are operated on a 16-bit data 
bus, which fully supports industry standard 8086/80286 
code, the 80C286 has better performance, and is signifi¬ 
cantly simpler to design with than the 80386. The 80C286 
also uses significantly lower power than the 80386, leading 
to less expensive, more reliable overall system design (see 
Figure 1). 

'CC (mA) 550mA 



80C286 80386 80C286 80386 

1_ 16 MHz-1 I-20 MHz-1 


FIGURE 1. 80C286/80386 POWER CONSUMPTION 
COMPARISON 

The following comparison highlights some of the perform¬ 
ance advantages that exist on the 80C286; 

Summary of 16-Bit Data Bus 
Performance 

• 80C286 

► The 80C286 already has all necessary control lines 
needed to implement a 16-bit data bus (Ref. section on 
Control Signals Required to Implement a 16-Bit Data 
Bus). 


► The 80C286 supports a fully pipelined mode of opera¬ 
tion for maximum system performance (Ref. section on 
Pipelined Operation on a 16-Bit Data Bus). 

► The 80C286 remains in a pipelined mode of operation 
even when idle bus cycles occur (Ref. section on Idle 
Cycles). 

► The 80C286 instruction prefetch takes one bus cycle to 
execute, thereby minimizing the time that the processor 
Execution Unit must wait should it need the bus (Ref. 
section on Instruction Prefetching a 16-Bit Data Bus). 

• 80386 

► The 80386 requires five additional control lines to be 
generated by external logic in order to implement a 16- 
bit data bus (Ref. section on Control Signals 
Required to Implement a 16-Bit Data Bus). 

► The 80386 does not support a fully pipelined mode of 
operation. Some pipelining can be achieved, but to 
accomplish this, external bus ‘monitor’ logic must be 
added to the system (Ref. section on Pipelined Opera¬ 
tion on a 16-Bit Data Bus). 

► The 80386’s pipelining is disrupted by idle bus cycles. 
A non-pipelined bus cycle, usually with an additional 
wait state, must be executed before the 80386 can 
return to pipelined mode. Idle bus cycles occur an aver¬ 
age of 9% of the time (Ref. section on Idle Cycles). 

► The 80386 instruction prefetch takes two bus cycles to 
execute, which can cause performance degradation by 
forcing the Execution Unit of the processor to wait a full 
bus cycle for use of the bus in order to complete an 
instruction (Ref. section on Instruction Prefetching on a 
16-Bit Data Bus). 

16-Bit Data Bus Operation 

This section will discuss the control signals required to im¬ 
plement a 16-bit data bus, as well as pipelined operation, 
idle cycles, and instruction prefetching on a 16-bit bus. 

Control Signals Required to Implement a 
16-Bit Data Bus 

The 80C286 microprocessor has ail the control lines 
needed to implement a 16-bit data bus resident on chip, no 
further control lines are required. 
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80386 SIGNALS 

16-BIT BUS SIGNALS 

COMMENTS 

BE3# 

BE2# 

BE1# 

BEO# 

A1 

BHE# 

BLE# (AO) 

H* 

H* 

H* 

H* 

X 

X 

X 

X-No Active Bytes 

H 

H 

H 

L 

L 

H 

L 


H 

H 

L 

H 

L 

L 

H 


H 

H 

L 

L 

L 

L 

L 


H 


H 

H 

H 

H 

L 


H* 


H* 

L* 

X 

X 

X 

X-Not Contiguous Bytes 

H 


L 

H 

L 

L 

H 


H 


L 

L 

L 

L 

L 


L* 

H* 

H* 

L* 

X 

X 

X 

X-Not Contiguous Bytes 

L* 

H* 

L* 

H* 

X 

X 

X 

X-Not Contiguous Bytes 

L* 

H* 

L* 

L* 

X 

^ X 

X 

X-Not Contiguous Bytes 

L 


H 

H 

H 

* L 

L 


L* 


H* 

L* 

X 

X 

X 

X-Not Contiguous Bytes 

L 


L 

H 

L 

L 

H 


L 

HDH 

L 

L 

L 

L 

L 



BLE# Asserted When D0-D7 of 16-Bit Bus Is Active. 
BHE# Asserted When D8-D15 of 16-Bit Bus is Active. 
A1 Low For All Even Words; A1 High For All Odd Words. 


Key: X = Don’t Care 

H = High Voltage Level 
L = Low Voltage Level 

* = A Non-Occurring Pattern of Byte Enables; Either None are Asserted, or the Pattern has Byte Enables Asserted 
for Non-Contiguous Bytes 


FIGURE 2. A1, BLE#, AND BHE# SIGNAL GENERATION TABLE 


In order to implement a 16-blt data bus with the 80386 
microprocessor, it is necessary to create at least the follow¬ 
ing five additional control signals: Address Line 1 (A1), Bus 
Low Enable (BLE#), Bus High Enable (BHE#), Bus Size 
16-Blts (BS16#), and Next Address (NA#). 

The first of these signals, A1, is an additional address line 
required to convert the granularity of the 80386’s address 
space from double-word size entities (32-bit) to word size 
entities (16-blt). The second two signals, BLE# and BHE#, 
primarily serve as chip selects which enable the appropriate 
byte or bytes onto the 16-blt data bus. These three signals 
are generated from the four 80386 byte enables (BEO#- 
BE3#) as shown in Figure 2. The logic to implement these 
signals is shown in Figure 3. 

In addition to these three control signals generated from 
80386 signals as outputs, two Input control signals to the 
80386 must be generated by external logic (BS16# and 
NA#). 

BS16# is used to inform the 80386, on a cycle-by-cycle 
basis, that a 16-blt bus size is to be used for data transfer. 
NA# is used to request that the 80386 put the next cycle 
address on the bus early, thereby pipelining that cycle. 

The 80386, thjerefore, requires five additional control lines, 
three outputs and two Inputs, in order to implement a 16-bit 
data bus. The generation of these control lines, in turn, re¬ 
quires additional ‘glue’ logic (which also introduces addi¬ 
tional signal propagation delay, thereby reducing address 
access time available to the system), and finally, there Is ad¬ 
ditional bus cycle ‘monitor’ logic necessary if the 16-bit 
data bus Is to be pipelined for higher performance. 


BEO# 



BE1# 


BEO# 

L I H 




L H L 

BE1# K-MAP FOR 16-BIT BLE# SIGNAL 


FIGURE 3. A1, BLE#, AND BHE# LOGIC 
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Pipelined Operation on a 16-Bit Data Bus 

At a given clock frequency, pipelined address operation in¬ 
creases a system’s performance, while simultaneously allow¬ 
ing relatively slower memories and I/O devices to be used. 
Pipelined address operation provides the system increased 
address access time, and increased address decoding time. 

The 80C286 is optimized for, and directly supports, fully 
pipelined bus operations on a 16-bit data bus. In other 
words, the 80C286 performs all bus operations in a fully 
pipelined mode. 

The 80386 does not support fully pipelined operation on a 
16- bit data bus. In order to pipeline a bus cycle on the 
80386, the Next Address (NA#) signal must be asserted to 
the processor. If the Next Address (NA#) signal and the Bus 
Size 16-Bit (BS16#) signal are both asserted in the same 
bus cycle, the NA# signal will not be recognized. Since, the 
BS16# signal must be asserted to the 80386 for many 
patterns of 16-blt and 8-blt transfers to take place correctly, 
the pipelining of transfers over a 16-blt bus Is limited. 

To allow pipelining of 16-blt data, external logic must be im¬ 
plemented to monitor the type of bus cycle taking place, de¬ 
cide if the cycle can be pipelined, and, if so, negate the 
BS16# signal to the 80386 and assert the NA# signal. Pipe¬ 
lining is possible only if the bus cycle is one of the following 
three types: 

(1) A read operand cycle using only the lower half of the 

data bus 

(2) A write operand cycle using only the lower half of the 

data bus 

(3) A write operand cycle using only the upper half of the 

data bus 

The 80386 will not allow 16-blt pipelining of read or write cy¬ 
cles that have byte alignments that do not conform to one of 
the previously mentioned three types. 

The 80C286, then, fully supports address pipelining, yielding 
the highest possible system performance, while using rela¬ 
tively lower performance (and therefore cheaper) memories 
and peripherals. The 80386, however, does not support fully 
pipelined 16-bit bus operation, and, to support even partial 
pipelining, requires external bus ‘monitor’ logic. 

Idle Cycles 

Another factor to consider when evaluating 80C286 and 
80386 performance Is the effect of idle cycles on pipelined 
operation. Calculations have shown that, on average, bus idle 
cycles occur in the system approximately 9% of the time. The 
effect of idle cycles on pipelining is quite different on the 
80C286 than on the 80386. 


The 80C286 pipelined operation is not affected by Idle cy¬ 
cles. When an idle cycle or cycles occur in a stream of pipe¬ 
lined bus cycles, the 80C286 returns to pipelining bus cycles 
immediately after the last idle cycle. In this way, each device 
on the bus (e.g. memory, peripheral) maintains a fixed timing 
associated with that device, and therefore always uses the 
minimum number of wait states required for that device. 

On the other hand, the 80386 pipelined operation is 
disrupted by idle cycles. With the 80386, an idle cycle or 
cycles occurring In a pipelined stream of bus cycles breaks 
the pipelining operation. Once an idle cycle has occurred, a 
non-pipellned bus cycle must always be executed prior to 
resuming pipelining. Since a non-pipellned bus cycle will 
have different timing than a pipelined bus cycle (even to the 
same device), an additional wait state must be added to this 
bus cycle. This not only degrades performance, but requires 
additional external logic to differentiate between a pipelined 
bus cycle access, and a non-pipelined bus cycle access, 
even to the same device with the same address. 

From the preceding, it can be seen that when executing 16- 
bit code, the 80C286 has a 9% performance increase 
over the 80386, due to the manner in which each pro¬ 
cessor handles idle cycles alone. Note, that with the 
80386, a pipelined stream of bus cycles will always be dis¬ 
rupted when an idle cycle occurs, whether using a 16-bit 
data bus or a 32-bit data bus. In either case, a non-pipelined 
bus cycle must be executed prior to resuming pipelined oper¬ 
ation. 

Instruction Prefetching on a 16-Bit Data Bus 

One final factor needs to be considered in the evaluation of 
80C286 and 80386 performance on a 16-blt data bus; the 
effect that prefetching instructions has on instruction execu¬ 
tion time. Prefetching of instructions is done by the processor 
Bus Unit on both the 80C286 and 80386. The prefetch is 
done when the bus would otherwise be idle for the upcoming 
cycle, and the prefetch queue is not full. 

The 80C286 does word size (16-bit) prefetching of instruc¬ 
tions, and therefore completes it’s prefetch activities In one 
bus cycle. This minimizes the waiting period to gain access to 
the bus by other processor entities, such as the Execution 
Unit. 

The 80386 does doubleword (32-bit) prefetching of instruc¬ 
tions, even on a 16-blt bus. This means that once a prefetch 
has begun execution, two bus cycles are required to com¬ 
plete the prefetch. If, for instance, the processor’s Execution 
Unit requires the bus for a data fetch or write in order to com¬ 
plete an executing instruction, it must wait for the two bus cy¬ 
cles of the prefetch to complete before It can access the bus. 
This can substantially degrade instruction execution time. 
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32-Bit Data Bus Operation 

This section discusses operating the 80386 on a 32-bit bus 
in order to overcome some of the handicaps it suffers on a 
16-bit bus. In addition, several advantages and dis¬ 
advantages associated with the 80386 on a 32-bit bus are 
considered. 

Hardware Advantages of the 80386 on a 32-Bit Data 
Bus 

There are several advantages to operating the 80386 on a 
32-bit data bus as opposed to a 16-bit data bus. Some of the 
control lines that were required for a 16-bit data bus are elim¬ 
inated (A1, BLE#, BHE#, and BS16#). It is possible to come 
closer to a fully pipelined mode of operation, although idle 
cycles will still disrupt the pipelining 9% of the time. Finally, 
prefetching on a 32-bit bus executes In one bus cycle 
instead of two. Offsetting these advantages, however are 
several major disadvantages. 

Hardware Disadvantages of the 80386 on a 32-bit Data 
Bus 

When using a full 32-bit data bus, the chip complexity of a 
80386 based system is increased over a 16-bit system. 
Twice as many transceivers (four instead of two) are required. 


In addition, in order to accommodate the additional 16 data 
lines of the 32-bit bus, twice as many memory devices are 
typically required with the 32-bit system as compared to a 
16-bit system. This amounts to an increase in DRAM, alone, 
of from 18 devices in a typical 16-bit system to 36 devices in 
a typical 32-bit system. 

The 16 additional data lines of the 32-bit bus increase the 
EMI problems inherent in the system. The additional coupling 
and crosstalk between data lines must be taken into consid¬ 
eration when laying out the system PC board. 

There is a significant increase in the amount of board space 
used as a result of the additional chips required to implement 
a 32-bit bus, as well as the 16 additional data lines. This re¬ 
sults in a larger, more complex (and more expensive) PC 
board than with a 16-bit system, often requiring an increase 
In the number of board layers. 

References 

Intel Corporation. 1987. 
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INTERFACING THE 80C286-16 WITH THE 80287-10 

Author: Ted Schaufelberger 


An important requirement in many systems is the ability to 
off-load numeric data processing. In an 80C286 system, 
this can be accomplished with an 80287 numeric co-pro¬ 
cessor. However, as processor speeds increase, it may 
become necessary to interface a high speed 80C286 
processor with a lower speed 80287. This Document will 
briefly describe the interface between a 16MHz 80C286 
{80C286-16) and a 10MHz 80287 (80287-10). 

Interfacing the 80C286 with an 80287 can be broken down 
into three main areas: 

(1) Bus control lines and data lines which coordinate and 
implement the flow of data between the two processors 
(i.e. the data lines, chip select lines, and read/write 
lines). 

(2) The clock line{s), which drive the two processors. 

(3) The four status lines through which the 80C286 and 
80287 directly communicate status informa tion to one 
another - comprised of the BUSY, ERROR, Peripheral 
Request (PEREQ), and Peripheral Acknowledge 
(PEACK) lines. 

Bus Control Lines 

The various bus control and data lines in most systems 
would be coordinated by either a bus controller (such as the 
82C288), or a bus controller subsection of an 80C286 
oriented chip set. All requisite bus control timing between a 
16MHz 80C286, and a 10MHz 80287 would then be han¬ 
dled by these devices (typically with one wait-state 
inserted to allow for the slower 80287-10). 


Clock Lines 

A system using a 16MHz 80C286 with a 10MHz 80287 re¬ 
quires separate clock lines for the two processors. The 
32MHz system clock used by the 80C286-16 is too fast for 
the 80287 ±10, necessitating a dedicated clock driver for 
the 80287. This clock driver should supply a 10MHz clock 
to the 80287 with a 1 /3 duty cycle to allow the 80287-10 to 
run at it’s full 10MHz capability. One solution for providing 
this clock Is the 82C84A-1, which meets this specification 
with either a 30MHz crystal at it’s crystal Inputs, or a 
30MHz external frequency input to it’s EFI pin. In either 
case, a 10MHz 1/3 duty cycle clock is output to the 80287. 
Note that when using a dedicated clock driver such as this, 
the CKM pin of the 80287 must be pulled up. 

Status Lines 

The 80C286 and 80287 communicate sta tus inf ormation 
with one another through four signals; the BUSY line, the 
ERROR line, the peripheral request line (PEREQ), and the 
PEACK line. 

The BUSY and ERROR lines can be connected from the 
80287 to a 80C286-oriented chipset, or from the 80287 
directly to a 80C286. In the case of the chipset interface, the 
signal timing between the 80287 and 80C286 is coordi¬ 
nated by the chipset. In the case of the direct 80287 to 
80C286 interface, the signal timing is handled by the 
80C286, and, since the signal flow direction is from the 
80287 to the 80C286 (i.e. from the slower device to the 
faster device), no additional hardware is required to achieve 
proper timing. 


U1 74AC04 


(FROM 82C284 OR RESET 
EQUIVALENT) 



PEACK 

(FROM 80C286)- 

(32MHz SYSTEM 286_CLK 
CLOCK) 


U1 74AC04 


U2 74AC112 


U3 74AC08 


1 PR 

MM 

5 LPEACk""^ 

yl---(TO 80287 

J 

Q 

-—L. 

PEACK) 

>C 


6 


K 

Q 
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FIGURE 1. PEACK STRETCH CIRCUIT 
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The peripheral request (PEREQ) line should be connected 
directly from the 80287 to the 80C286, and again, since the 
signal flow direction is from the 80287 to the 80C286, no 
additional hardware is required. 

The peripheral acknowledge (PEACK) line is normally 
connected directly from the 80C286 to the 80287. In this 
case the signal flow direction is from the 80C286 to the 
80287 (i.e. faster device to slower device), and the 
PEACK active time is not guaranteed to meet the require¬ 
ments of the slower 80 287-10 . Worst case timing for the 
80C286-16 reveals that PEACK output could be as short as 
45.5ns (i.e. PE ACK (m in) = 45.5ns). The 80287-10 input 
requirement is PEACK (min) = 60ns. 

The proper PEACK timing can be achieved using the circuit 
shown in Figure 1 comprised of a 74AC04, 74AC08, and a 
74AC112. Referring to the timing diagram shown in 
Figure 2, it can be se en that this circuit effectively 
'stretches * the 80C286’s PEACK output (in the form of 
GPEACK) to 72.7ns, which satisfies the 80287-10 require¬ 
ment. 


The operation of the circuit shown in Figure 1 is as follows: 

(1) The RESET signal (which is also applied to the 80C286) 
is used to initialize the ’AC112 to a known inactive state 
( 0 = 1 ). 

(2) When the 80C286 a sserts the PEACK signal, the gated 
version of this signal (GPEACK) is asserted with minimal 
delay (7.9ns through the ’AC08). 

(3) On the falling edge of the 80C286 CLK at the beginni ng 
of Phase 2 of the Ts cycle, the low state of PEACK is 
clocked into the ’AC 112. This effectively holds GPEACK 
low for an additional clock cycle longer than standard 
PEACK timing. 

(4) On the falling edge of the 80C286 CLK at the be ginning 
of phase 2 of the first Tc cycle, the high state of PEACK 
is clocked into the ’AC112, which then causes GPEACK 
to go inactive. 

The net effect of this circuit operation Is to extend the 

80C286’s Peripheral Acknowledge signal to the 80287-10 

sufficiently to meet it’s requirements. 

-Tc-»+*- Tg(WAIT) 


80C286 

CLK 


_ 31.2ns _ 

r (32 -MHz) 


_ 72.7ns (min)_ 


FIGURE 2. PEACK CYCLE TIMING 
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HARRIS 80C286 PERFORMANCE ADVANTAGES 
OVER THE 80386SX 

Author: Ted Dimbero 


The Harris 80C286, operating at the same frequency as the 
80386SX, can outperform the 80386SX when executing 
software written for the 80286 and 8086, including all 
MS-DOS™, PC-DOS™ and OS/2™-based programs. This 
performance advantage comes from the 80C286 require¬ 
ment of fewer clock cycles to execute the same instructions 
as the 80386SX. 


Taking this comparison one step further and looking at the 
performance contribution of each subset of instructions, 
those instructions that execute faster on the 80386SX are 
executed an average of 1.6 clock cycles faster. However, 
the instructions which execute faster on the 80C286 exe¬ 
cute in an average of 23.1 clock cycles less than on the 
80386SX. 


Industry standard 16-bit 8086/80286 code can execute 
15-25% more efficiently on the 80C286 than on the 
80386SX. There is no performance advantage gained by 
simply moving a system design from an 80C286 to an 
80386SX. The 80C286 is the processor best suited for exe¬ 
cuting 16-bit 8086/80286 code. 

The difference in clock cycle requirements is summarized in 
Figure 1. Of the 182 common instructions, the 80C286 exe¬ 
cutes 79 instructions faster than the 80386SX. Another 64 
instructions execute in the same number of clock cycles on 
both processors. 


Overall, 143 instructions (78% of all common instructions) 
execute as fast or faster on the 80C286 than on the 



FIGURE 1. EXECUTION SPEED COMPARISON 
(NUMBER OF INSTRUCTIONS) 


Operating Speeds 

The Harris 80C286 is available with operating frequencies 
of 12.5,16, 20 and 25MHz. The 80386SX maximum operat¬ 
ing frequency is limited to 16MHz. The instruction compari¬ 
sons in Figure 1 (and throughout this document) evaluate 
the number of clock cycles required to execute the same 
instructions on both the 80386SX and the 80C286. There¬ 
fore, it illustrates the performance differences when the two 
processors are running at the same speed. 

As this analysis shows, the 80C286 has the performance 
advantage when the two processors are running at the 
same speed. This 80C286 advantage is significantly 
greater when speed differences are taken into considera¬ 
tion. 

The 80C286-25, for example, can execute 100% of the 
Instructions available on both processors faster than a 
16MHz 80386SX. In some cases, a 2X performance in¬ 
crease can be seen with the 80C286-25 compared to the 
80386SX-16 (see Table 1). 

This Is not a benchmark number that can be credited to 
differences in system design; it illustrates a one-to-one 
comparison of the length of time it takes to execute the 
same instruction on the two processors. That is, given two 
equivalent systems (both having the same disk access 
speed, same number of wait states, similar cache control¬ 
lers, etc), the 80C286-25 system would outperform the 
80386SX system on any benchmark. 


PC-DOS™, OS/2™ are Trademarks of International Business Machines Corporation 
Xenix™, MS-DOS™ are Trademarks of Microsoft Corporation 
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TABLE 1. 



80C286-16 

80C286-20 

80C286-25 

SUB¬ 
ROUTINES 
(PCS 6-9) 

80386SX 
# CLOCK 
CYCLES 

80C286 
# CLOCK 
CYCLES 

80386SX-16 

EXECUTION 

TIME 

(Msec) 

EXECUTION 

TIME 

(Msec) 

PER¬ 

FORMANCE 

INCREASE 

OVER 

80386SX-16 

EXECUTION 

TIME 

(Msec) 

PER¬ 

FORMANCE 

INCREASE 

QVER 

80386SX-16 

EXECUTION 

TIME 

(Msec) 

PER¬ 

FORMANCE 

INCREASE 

OVER 

80386SX-16 

Example 

1 

104 

73 

6.5 

4.6 

141% 

3.6 

180% 

2.92 

223% 

Example 

2 

2511 

1899 

156.9 

118.7 

132% 

94.9 

165% 

75.9 

132% 

Example 

3 

2584 

2380 

161.5 

148.7 

108% 

119.0 

135% 

95.2 

170% 

Example 

4 

837 

583 

52.3 

36.4 

143% 

29.1 

179% 

23.3 

224% 

Example 

5 

307 

193 

19.2 

12.1 

158% 

9.65 

198% 

7.7 

249% 


Table 1 illustrates a performance comparison of the 
80386SX-16, 80C286-16, 80C286-20 and 80C286-25. 
The table lists the number of clock cycles needed to exe¬ 
cute five different subroutines (see examples 1-5 in 
Subroutine Analysis section) and the total execution times 
for each subroutine for the two processors at varying oper¬ 
ating frequencies. 

In each of these examples, the results show that the 
80C286 outperforms the 80386SX. In addition, the 
80C286-25 shows performance increases of 170%-250% 
over the 80386SX-16. The 80C286 not only outperforms 
the 80386SX at similar operating frequencies, it also pro¬ 
vides a path to Increased performance by offering operating 
frequencies up to 25MHz which are not available with the 
80386SX. 

Architecture Background 

The 80C286 static CMOS microprocessor combines low 
operating and standby power with high performance and 
operating frequencies up to 25MHz. 

The 80C286 evolved from the industry standard 80C86 
microprocessor and has vast architectural enhancements 
over Its predecessor that allow the 80C286 to execute the 
same code with a significant performance increase. 

Disregarding the clock speed increase, when upgrading 
from an 80C86 to an 80C286, the 80C286 can execute the 
same code with an increase in throughput of up to 4 times 
that of the 80C86. This increase is solely due to the archi¬ 
tectural enhancements. 

It is a common belief that replacing an 80C286 with the 
80386SX microprocessor will yield similar performance in¬ 
creases. This is not the case. The new architecture gives the 
80386SX 32-bit Internal capability but it does not signifi¬ 
cantly increase the throughput of 16-blt 8086 or 80286 
code. 


When executing industry standard 8086 or 80286 code, re¬ 
placing the 80C286 with an 80386SX does not 
result in a significant performance increase. In many cases, 
such a replacement will actually cause a performance deg¬ 
radation. This is evident in the following areas: 

(1) Input/Output Handling 

(2) Interrupt Handling 

(3) Control Transfer (Loop, Jump, Call) 

(4) 80286 Protected Mode Systems 

(5) Multi-Tasking and Task Switching Operations. 

The performance advantage of the 80C286 is especially 
evident in areas such as: 

• Protected Mode Operating System - such as OS/2 
and Xenix™. 

• Multi-Tasking Systems. 

• Control Applications — utilizing interrupt and I/O in¬ 
structions. 

• Structured Software — utilizing many Control transfer 
instructions. 

• Operating Systems that rely on interrupts to perform 
functions - such as MS-DOS, PC-DOS and OS/2. 

• Upgrading 16-bit 80C86 applications for increased 
performance. 

Figure 2 illustrates a comparison of the number of clock cy¬ 
cles needed to execute several Instructions available on all 
three microprocessors (80C86, 80C286, and 80386SX). 
This illustrates the dramatic effect of 80C286 architectural 
enhancements on performance when compared to the 
80C86 and the lack of similar performance improvement 
when executing 8086/80286 code on the 80386SX. 
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mi MUL [BX] 

Q XOR AX, [BP] [SI] 
H OUT PORT. AX 

□ NOT [BX+ 10] 

□ CALL near 

H ‘-OOP 


ADD mem [BX] [Dl], AX 



( 24 ) ( 3 ) 
(7)/ 
:« 7 ) 




FIGURE 2. ARCHITECTURAL COMPARISON 


Hardware System Comparison 

Pipelined Operation on a 16-Bit Data Bus 

At a given clock frequency, pipelined address operation 
increases a system’s performance, while simultaneously 
allowing relatively slower memories and I/O devices to be 
used. Pipelined address operation provides the system 
increased address access time, and increased address 
decoding time. 


The 80C286 supports a fully pipelined mode of operation for 
maximum system performance. 

The 80C286 remains in a pipelined mode of operation even 
when idle bus cycles occur. 


The 80386SX does not support a fully pipelined mode of op¬ 
eration. Some pipelining can be achieved, but to 
accomplish this, external bus ‘monitor’ logic must be added 
to the system. 

The 80386SX’s pipelining Is disrupted by idle bus cycles. A 
non-pipelined bus cycle, usually with an additional wait state, 
must be executed before the 80386SX can return to pipe¬ 
lined mode. Idle bus cycles occur an average of 9% of the 
time. 

Idle Cycles 

Another factor to consider when evaluating 80C286 and 
80386SX performance is the effect of Idle cycles on pipelined 
operation. Calculations have shown that, on average, bus idle 


cycles occur in the system approximately 9% of the time. The 
effect of idle cycles on pipelining is quite different on the 
80C286 than on the 80386SX. 

The 80C286 pipelined operation is not affected by idle 
cycles. When an idle cycle or cycles occur in a stream of 
pipelined bus cycles, the 80C286 returns to pipelining bus 
cycles immediately after the last idle cycle. In this way, each 
device on the bus (e.g. memory, peripheral) maintains a fixed 
timing associated with that device, and therefore always 
uses the minimum number of wait states required for that 
device. 

On the other hand, the 80386SX pipelined operation is 
disrupted by idle cycles. With the 80386SX, an Idle cycle or 
cycles occurring in a pipelined stream of bus cycles breaks 
the pipelining operation. Once an idle cycle has occurred, a 
non-pipelined bus cycle must always be executed prior to 
resuming pipelining. Since a non-pipelined bus cycle will 
have different timing than a pipelined bus cycle (even to the 
same device), an additional wait state must be added to this 
bus cycle. This not only degrades performance, but requires 
additional external logic to differentiate between a pipelined 
bus cycle access, and a non-pipelined bus cycle access, 
even to the same device with the same address. 

From the preceding, it can be seen that when executing 
16-blt code, the 80C286 has a 9% performance 
Increase over the 80386SX, due to the manner In which 
each processor handles Idle cycles alone. 
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instruction Comparison 

The Appendix in this document illustrates a direct compari¬ 
son of the number of clock cycles needed to execute the 
same Instructions on the 80C286 and the 80386SX. The 
table includes examples of instruction timing for all Instruc¬ 
tions available on both processors. Several addressing 
modes of each Instruction type are included. 

Of the 182 instruction examples analyzed, 79 of the instruc¬ 
tions execute faster on the 80C286 than on the 80386SX; 
64 of the instructions analyzed execute in the same number 
of clock cycles on both processors. This leaves only 39 
instructions with improved performance on the 80386SX 
(See Figure 1). Over 78% of the instructions analyzed 
execute as fast or faster on the 80C286 than on the 
80386SX. 

This is vastly different than the previous 8086-to-80286 
upgrade. With that upgrade, the 80C286 exhibits equal or 
better performance than the 80C86 with 100% of the 
instructions. 

This clearly indicates that the 80C286 is the processor best 
suited for executing industry standard 8086 and 80286 
code. 

The following discussion groups each of the Instructions 
into one of several categories to analyze which applications 
will benefit from utilizing the 80C286. The categories used 
are: 

• Jumps, Calls, Returns and Loops (Real Mode). 

• I/O Instructions. 

• Logic, Arithmetic, Data Transfer, Shift and Rotate 
Instructions. 

• Interrupts. 

• Miscellaneous Instructions. 

• Protected Mode/Multi-Tasking Instructions. 

Jumps, Calls and Loops 

In real mode, near calls, jumps, and conditional jumps 
(transfers within the current code segment) all take the 
same number of clock cycles to execute on the 80C286 
and the 80386SX. Since the segment sizes are larger on the 
80386SX, the near transfer instructions on the 80386SX 
can transfer a greater distance. 

The far calls and jumps (transfers that switch to a new code 
segment; i.e., a code segment context switch) are faster on 
the 80C286: four clocks and one clock respectively. The far 
return instruction executes in three less clock cycles on the 
80C286, and the near return takes one extra clock cycle. 
The protected mode calls, jumps, and returns are all faster 
on the 80C286 and are discussed in the section on Pro¬ 
tected Mode. 

The loop instruction is three clock cycles faster on the 
80C286 than the 80386SX. Thus, the 80C286 would save 
300 clock cycles over the 80386SX if a LOOP instruction 
were executed 100 times. 


INSTRUCTION 

—ADVANTAGE— 

80C286 

NONE 

80386SX 

Near JMP and CALL 


X 


Far CALL, JMP and RET 

X 



LOOP 

X 




i/O instructions 


The 80C286 has a significant advantage with the I/O in¬ 
structions. The IN instruction is almost 2 1/2 times faster on 
the 80C286; the 80386SX takes 7 extra clock cycles to ex¬ 
ecute the same instruction. The OUT instruction is over 3 
times faster on the 80C286; again the 80386SX takes 7 ex¬ 
tra clock cycles to execute the same instruction. Executing 
the I/O instructions on the 80386SX is equivalent to execut¬ 
ing on the 80C286 with 7 wait states. 

The string I/O instructions (INS and OUTS) are also signifi¬ 
cantly faster on the 80C286. The INS instruction is 10 clock 
cycles faster on the 80C286, and the OUTS instruction is 9 
clock cycles faster. This is particularly important if the string 
operations are going to be used to input or output a large 
block of data using the REP prefix. Inputing 100 words of 
data with the REP INS instruction is 208 clock cycles faster 
on the 80C286. An even more significant difference can be 
seen when outputing 100 words with the REP OUTS in¬ 
struction. In this case, the 80C286 is 800 clock cycles 
faster than the 80386SX. 


INSTRUCTION 

—ADVANTAGE— 

80C286 

NONE 

80386SX 

IN 

X 



OUT 

X 



INS 

X 



OUTS 

X 




Logic, Arithmetic, Data Transfer, Shift 
and Rotate instructions 

Most forms of the logic, arithmetic, and data transfer 
instructions execute in the same number of clock cycles on 
both processors. Certain operand combinations of these 
instructions (immediate to register for example) take one 
extra clock cycle to execute on the 80C286. 

In real mode, the segment register transfer instructions exe¬ 
cute as fast or faster on the 80C286 than they do on the 
80386SX. For example, using the POP instruction to trans¬ 
fer data into a segment register is 2 clock cycles faster on 
the 80C286. 

Most of the string manipulation instructions execute in the 
same number of clock cycles on both processors. The 
MOVS and STOS instructions are faster on the 80C286. 

The divide instruction executes in the same number of clock 
cycles on both processors. The number of clocks to 
execute the multiply Instruction on the 80386SX is data 
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dependent; the number of clocks to execute the same 
instruction on the 80C286 is fixed. On average, the multiply 
instruction is five clock cycles faster on the 80386SX, but 
independing on the data, the 80386SX could be as many as 
4 clock cycles slower than the 80C286. 

The rotate and shift instructions are faster on the 80386SX. 
Unlike the 80C286, the 80386SX rotate and shift instruc¬ 
tions do not depend on the number of bits to be shifted or 
rotated. Thus, the 80386SX has the advantage with multi¬ 
bit rotate and shift instructions. The 80C286 does, however, 
execute single bit rotate and shift instructions faster. 


INSTRUCTION 

—ADVANTAGE— 

80C286 

NONE 

80386SX 

Most Logic and Arithmetic 


X 


Certain Operand 
Combinations of Logic 
and Arithmetic 



X 

Divide 


X 


Multiply 



X 

Single Bit Shift or Rotate 

X 



Multi-Bit Shift or Rotate 



X 

String Instructions 

X 




interrupt Instructions 

Interrupts are serviced more quickly on the 80C286. The 
INT instruction, in real mode, executes 14 cycles faster on 
the 80C286 than it does on the 80386SX. The INTO, 
BOUND, and other instructions that can cause an interrupt 
all benefit from the faster interrupt handling features of the 
80C286. The return from interrupt instruction (IRET) is 7 
clock cycles faster on the 80C286. The PUSHA and POPA 
instructions, frequently used by interrupt handling proce¬ 
dures, are both faster on the 80C286. Protected Mode 
interrupt handling is discussed in the Protected Mode 
section. 


INSTRUCTION 

—ADVANTAGE— 

80C286 

NONE 

80386SX 

INTn 

X 



INTO 

X 



BOUND (If Interrupt) 

X 


HU 

Break Point Interrupt 

X 


Hml 


Miscellaneous Instructions 

The BCD instructions, HLT, and CBW execute from 1 to 5 
clock cycles faster on the 80C286. The instructions to set 
and clear individual flags and the CWD instruction all exe¬ 
cute in the same number of cycles on both processors. The 
ENTER, LEAVE, and BOUND instructions are from 1 to 3 
cycles faster on the 80386SX. The BOUND instruction is 
only faster if an interrupt Is not caused by the instruction. 


INSTRUCTION 

—ADVANTAGE— 

80C286 

NONE 

80386SX 

BCD Instructions 

X 



Data Conversion 
(CBW, CWD) 

X 



Flag Settling and Clearing 


X 


BOUND (If No Interrupt) 



X 


Protected Mode/Multi-Tasking 

When executing 80286 protected mode code, the 80C286 
significantly out-performs the 80386SX. Task switching op¬ 
erations execute 100 to 271 clock cycles faster on the 
80C286. The instruction to return from a called task is 63 
clock cycles faster on the 80C286. This results in a very sig¬ 
nificant performance increase for systems utilizing the mul¬ 
ti-tasking features. The 80C286 is clearly better suited than 
the 80386SX for running protected mode operating sys¬ 
tems such as OS/2 and Xenix. 

Inter-segment JMP, CALL and segment loading instruc¬ 
tions also operate faster on the 80C286. The 80C286 saves 
anywhere from 4 to 11 clock cycles depending on the par¬ 
ticular inter-segment transfer instruction. In protected 
mode, the inter-segment return is also faster on the 
80C286. The 80C286 is 11 clock cycles faster when exe¬ 
cuting an inter-segment return to the same privilege level 
and is 17 cycles faster on inter-segment returns to a differ¬ 
ent privilege level. 

The instructions to initialize and check the protected mode 
registers execute as fast or faster on the 80C286. The IDTR 
access instructions are an exception to this in that they take 
one extra clock cycle to execute on the 80C286. The in¬ 
struction to switch the processor to protected mode 
(LMSW) is 7 cycles faster on the 80C286. 

Most of the 80286 protected mode access checking in¬ 
structions operate as fast or faster on the 80C286 than on 
the 80386SX. The LAR instruction is one clock cycle faster 
on the 80C286 and the LSL instruction is 5 clock cycles 
faster. The VERW instruction executes in the same speed 
on both processors and the VERR is 5 cycles faster on the 
80386SX. The ARPL instruction used in protected mode 
procedures for pointer validation is 10 clock cycles faster 
on the 80C286. 


INSTRUCTION 

—ADVANTAGE— 

80C286 

NONE 

80386SX 

Task Switching 

X 



Segment Register Loading 

X 



Inter-Segment Transfer 

X 



System Register Instructions 


X 


Inter-Segment Transfers 

X 



Access Checking 

Instructions 


m 
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Subroutine Analysis 

This section lists several subroutines and then compares 
the number of clock cycles each subroutine will take to exe¬ 
cute on the 80C286 and on the 80386SX. 

EXAMPLE 1 

This interrupt routine outputs a character to a terminal via a 
UART. The AL register must contain the character to be 
output. The routine first checks the status of the UART to 


determine if it is busy. If it is busy, the routine loops until the 
UART is free; when the UART is free, the character is output. 
Following is a listing of the code and the clock Clyde analy¬ 
sis for the OUT_CHAR routine. 

This sample procedure executes about 25% faster on the 
80C286 than on the 80386SX. The advantage Is realized 
through the 80C286’s faster interrupt handling and faster 
I/O instructions. 


80C286 

CLOCK CYCLES 


80386SX 
CLOCK CYCLES 



OUT_CHARACTER PROC NEAR 


PUSHF 
PUSH AX 

CK_STATUS: IN AL, PORT_STATUS 

CMP AL, BUSY 
JE CK_STATUS 
POP AX 

OUTOUT_PORT,AL 

POPF 


; save callers flags. 

; save data to be output. 

; Input UART status. 

; Check If UART Busy 
; If busy go check again. 

; If not busy restore AX 
; and output data. 

; Restore Flags 
; Return. 

; Instruction to initiate OUTCHAR 
; Interrupt. 


Total cycles if UART not busy. 

Number of cycles added for each loop while UART is busy. 


EXAMPLE 2 

The second example outputs an entire string of characters of the string to be output. The string is variable in length and 
using the previous Interrupt routine (denoted by “INT x” in must be terminated with the character, 
the code below). The DS;SI registers point to the beginning 


80C286 80386SX 

CLOCK CYCLES CLOCK CYCLES 



OUT_STRING PROC FAR 


PUSHA 
LODSB 
CMPAL,“$" 
JE done 
INTx 
JMP next 
POPA 
RET 


Call OUT_STRING 


; save caller’s registers. 

; Load first char to be output. 

; Check to see if End of string. 

; If end then goto DONE. 

; If not end output character. 

; Go get next char to output. 

; Restore Registers when done. 
; Far Return. 

; Far Call to initiate 
; OUT_STRING procedure. 


Total number of clocks to start and end routine. 

+Number of additional clocks to output each character in the output string 


To output a string of 20 characters, the 80C286 would take 
1,899 clock cycles; using the same routine, the 80386SX 
would take 2,511 cycles. Each time a string of 20 charac¬ 
ters is output, the 80C286 will save 612 clock cycles; an 


80C286 performance increase of almost 25%. The advan¬ 
tage is realized through the 80C286’s faster interrupt handl¬ 
ing, faster I/O instructions, faster FAR transfer instructions 
and faster register saving and restoring instructions. 
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EXAMPLE 3 


This example adds all the values of a source array in (number of words in the array), offset of source array, and 
memory to the values of a destination array in memory. The offset of destination array are all assumed to be placed on 


result is stored in the destination array. Both arrays are 
assumed to be in the current data segment. The count 


the stack (in that order) by the calling program. The source 
code for the procedure is listed below: 


80C286 

CLOCK CYCLES 


80386SX 
CLOCK CYCLES 



ADD_ARRAY PROC NEAR 


PUSHA 
MOV BP, SP 
MOVCX, [bp+22] 

MOVSI,Ibp+20] 

MOVDI, [bp+18I 


ADD [Dll, AX 


Save caller’s registers. 
Point BP to current stack 
Load array size from stack 


Load offset of source array 
from stack into SI. 

Load offset of destination 
array from stack into Dl. 

Clear Direction Flag. 

Load the source word into AX. 
Add source to destination. 
Point Dl to next data. 

Continue to ADD all elements 
in the two arrays. 

Restore Registers 


; Following is the code necessary to set up and call the above procedure. 


LOOP NEXT 


PUSH offset S_ARRAY 


PUSH offset D_ARRAY 


CALLADD_ARRAY 


; Put count parameter on stack 
; Put offset of source array 
; on stack. 

; Put offset of destination 
; array on stack. 

; Near Call to initiate 
; ADD_ARRAY procedure. 


Total number of clocks to start and end routine. 

+Number of additional clocks for each Item in array to be added. 


Both processors take the same number of clock cycles for clock cycles; the 80386SX takes 2,584 (an additional 204 

Initialization before the call and closing up after the call (84). clocks) to execute the same routine. In this example, the 

The loop that does the adding is faster on the 80C286. To LOOP instruction gives the 80C286 the performance 

add two 100 word arrays, the 80C286 would take 2,380 advantage over the 80386SX. 
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EXAMPLE 5 


This Procedure is a task dispatcher that is invoked via an 
interrupt to cause a task switch to occur. This procedure 
utilizes a circular linked list of the tasks that need to be 
executed. A pointer called “CURRENT_TASK” points to 
the data structure for the current task being executed. The 
data structure contains the TSS for the task it is describing 
and a NEXT field that points to the data structure of the next 
task in the list to be executed. When the Task Dispatcher is 
invoked it switches the current pointer to the next task in the 


list and then invokes the new task by jumping to the TSS for 
that task. The data structure for the linked list is illustrated 
below. 

The task dispatcher is actually a separate task that is 
invoked via an interrupt that signals that a new task should 
be initiated. Following is a listing for the simple task 
dispatcher. 


CURRENT_TASK- 


TSS1_ SEL 
NEXT_PTR 


TSS2_ SEL 
NEXr__PTR 


TSS3_ SEL 
NEXT_PTR 1 


80C286 

80386SX 



CLOCK CYCLES 

CLOCK CYCLES 

TASK_DISPATCH PROC FAR 


5 

4 

START: MOV BX, CURRENT TASK + 2 

; Load BX with contents of next 

; field of current TASK. BX will 

; contain the address of the data 

; structure for next task to run. 

3 

2 

MOV CURRENT TASK, BX 

; Update Current Task to point to 




; new task to be executed. 

178 

294 

JMP DWORD PTR lBX-21 

; Start new task by jumping to TSS 

7 

7 

JMP START 

; JUMP to start for next time the 

— 

— 


; TASK dispatcher is Invoked. 

193 

307 




The advantage of the 80C286 In this case is in the faster 
task switch instruction. The task switch instruction is 116 
clock cycles faster on the 80C286 than on the 80386$X. 


This performance increase makes the 80C286 the clear 
choice for multi-tasking applications. 
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Appendix 

This appendix contains a table directly comparing the num¬ 
ber of clock cycles necessary to execute all the instructions 
available on both the 80C286 and the 80386SX. The table 
includes several addressing modes of each instruction. 

The table has five columns. The first column list the instruc¬ 
tion being compared. The second column lists the number 
of clock cycles that the 80C286 needs to execute that 
instruction. The third column lists the number of clock 
cycles needed by the 80386SX to execute the same 


instruction. The fourth column divides the number of cycles 
needed by the 80386SX by the number of cycles needed by 
the 80C286. If this figure is greater than one, (see fifth 
column) then the 80C286 is faster than the 80386SX. For 
example, a 2.0 would indicate the 80C286 executes the 
same instruction twice as fast as the 80386SX. A 1.0 indi¬ 
cates that both processors execute the instruction in the 
same number of cycles. A number less than one indicates 
the 80386SX is faster than the 80C286. 


80C286 INSTRUCTION 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80C286 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80386SX 

80386SX/ 

80C286 

80C286-16 
FASTER 
THAN OR 
EQUALTO 
80386SX-16 

AAA 

3 

4 

1.33 

v/ 

AAD 

14 

19 

1.36 

v/ 

AAM 

16 

17 

1.06 

v/ 

AAS 

3 

4 

1.33 

v/ 

ADC reg, reg 

2 

2 

1.00 

v/ 


ADC mem, reg 
ADC reg, immed 
ADC mem, immed 
ADD reg, reg 
ADD mem, reg 
ADD reg, immed 
ADD mem, immed 
AND reg, reg 
AND mem, reg 
AND reg, immed 
AND mem, immed 
ARPL reg, reg 
ARPL mem, reg 
BOUND (no interrupt) 

CALL immed (near) 

CALL immed (far real mode) 

CALL immed (far PVAM) 

CALL gate (same privilege PVAM) 
CALL gate (different privilege PVAM) 
CALL TSS (Task Switch PVAM) 

CALL task_gate (Task Switch PVAM) 

CBW 

CLC 

CLD 

CLI 

CLTS 

CMC 

CMP reg, reg 
CMP mem, reg 
CMP reg, Immed 
CMP mem, Immed 
CMPS 
CWD 
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Appendix (Continued) 


80C286 INSTRUCTION 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80C286 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80386SX 

80386SX/ 

80C286 

80C286-16 
FASTER 
THAN OR 
EQUALTO 
80386SX-16 

DAA 

3 

4 

1.33 

v/ 

DAS 

3 

4 

1.33 

v/ 

DEC reg 

2 

2 

1.00 

v/ 

DEC mem 

7 

6 

0.86 


DIV word, reg 

22 

22 

1.00 

v/ 

DIVword, mem 

25 

25 

1.00 

v/ 

ENTER immedi, immed2 (immed 2 = 6) 

36 

57 

1.58 

v/ 

HLT 

2 

5 

2.50 

v/ 

IDIV word, reg 

25 

27 

1.08 

v/ 

IMUL word, mem 

24 

19 

0.79 


IN 

5 

12 

2.40 

v/ 

INC reg 

2 

2 

1.00 

v/ 

INC mem 

7 

6 

0.86 


INS 

5 

15 

3.00 

v/ 

INT 3 (real mode) 

23 

33 

1.43 

v/ 

INT immed (real mode) 

23 

37 

1.61 


INT immed (PVAM same privilege) 

40 

71 

1.77 

v/ 

INT immed (PVAM different privilege) 

78 

111 

1.42 

v/ 

INT TASK_GATE (PVAM Task Switch) 

167 

438 

2.62 

v/ 

INTO (No Jump) 

3 

3 

1.00 

v/ 

INTO (Yes Jump real mode) 

24 

35 

1.46 

v/ 

IRET (real mode) 

17 

24 

1.41 

v/ 

IRET (PVAM same privilege) 

31 

42 

1.35 

v/ 

IRET (PVAM different privilege) 

55 

86 

1.56 

y/ 

IRET (PVAM task switch) 

169 

285 

1.68 

v/ 

Jcond label (No jump) 

3 

3 

1.00 

v/ 

Jcond label (Yes jump) 

7 

7 

1.00 

v/ 

JMP near_label 

7 

7 

1.00 


JMP Far_label (real mode) 

11 

12 

1.09 

v/ 

JMP FAR_LABEL (PVAM) 

23 

31 

1.34 

y/ 

JMP CALL_GATE (PVAM same privilege) 

38 

53 

1.35 

y/ 

JMP TASK_GATE (PVAM task switch) 

183 

298 

1.63 

y/ 

JMP TSS (PVAM task switch) 

178 

289 

1.62 

y/ 

LAHF 

2 

2 

1.00 

y/ 

LAR reg 

14 

15 

1.07 

y/ 

LAR mem 

16 

16 

1.00 

y/ 

LDS (real mode) 

7 

7 

1.00 

y/ 

LDS (PVAM) 

21 

23 

1.33 

y/ 

LEA 

3 

2 

0.67 


LEAVE 

5 

4 

0.80 


LGDT 

11 

11 

1.00 

y/ 

LIDT 

12 

11 

0.92 


LLDT reg 

17 

20 

1.18 

y/ 

LLDT mem 

19 

24 

1.26 

y/ 

LMSW reg 

3 

10 

3.33 

y/ 

LMSW mem 

6 

13 

2.17 

y/ 

LODS 

5 

5 

1.00 

y/ 

LOOP (Jump) 

8 

11 

1.38 

y/ 

LOOP (No Jump) 

4 

11 

2.75 

y/ 
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Appendix (Continued) 


80C286 INSTRUCTION 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80C286 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80386SX 

80386SX/ 

80C286 

80C28-16 
FASTER 
THAN OR 
EQUALTO 
80386SX-16 

LSL reg 

14 

20 

■RH 

v/ 

LSL mem 

16 

21 


v/ 

LTR reg 

17 

23 

mgm 

v/ 

LTR mem 

19 

27 

1.42 

v/ 

MOV reg, reg 

2 

2 

1.00 

v/ 

MOV mem, reg 

3 

2 

0.67 


MOV reg, immed 

2 

2 

1.00 

v/ 

MOV mem, immed 

3 

2 

0.67 


MOV seg_reg, reg (real mode) 

2 

2 

1.00 

v/ 

MOV seg_reg, mem (real mode) 

5 

5 

1.00 

v/ 

MOV seg_reg, reg (PVAM) 

17 

22 

1.29 

v/ 

MOV seg__reg, mem (PVAM) 

19 

23 

1.21 

v/ 

MOVS 

5 

7 

1.40 

v/ 

MULreg 

21 

15 

0.71 

v/ 

NEG reg 

2 

2 

1.00 

v/ 

NEG mem 

7 

6 

0.86 


NOP 

3 

3 

1.00 

v/ 

NOT reg 

2 

2 

1.00 

v/ 

NOT mem 

7 

6 

0.86 


OR reg, reg 

2 

2 

1.00 

v/ 

OR mem, reg 

7 

6 

0.86 


OR reg, immed 

3 

2 

0.67 


OR mem, immed 

7 

7 

1.00 

v/ 

OUT 

3 

10 

3.33 

v/ 

OUTS 

5 

14 

2.80 

v/ 

POP reg 

5 

5 

1.00 

v/ 

POP mem 

5 

7 

1.40 

v/ 

POP seg_reg (real mode) 

5 

7 

1.40 

v/ 

POPseg__reg (PVAM) 

20 

25 

1.25 

v/ 

POPA 

19 

24 

1.26 

v/ 

POPF 

5 

5 

1.00 

v/ 

PUSH reg 

3 

2 

0.67 


PUSH mem 

5 

7 

1.40 

v/ 

PUSH seg_reg 

3 

2 

0.67 


PUSHA 

17 

18 

1.06 

v/ 

PUSHF 

3 

4 

1.33 

v/ 

RCR or RCL reg, 1 

2 

9 

4.50 

v/ 

RCRor RCL mem, 1 

7 

10 

1.43 

v/ 

RCR or RCL reg, cl (cl = 4) 

9 

9 

1.00 

v/ 

RCR or RCL mem, cl (cl = 4) 

12 

10 

0.83 


RCR or RCL reg, 4 

9 

9 

1.00 

v/ 

RCRor RCL mem, 4 

12 

10 

0.83 


RORorROLreg, 1 

2 

3 

1.50 

v/ 

ROR orROLmem, 1 

7 

7 

1.00 

v/ 
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80C286 INSTRUCTION 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80C286 

NUMBER 
CLOCKS TO 
EXECUTE 
ON80386SX 

REP INS (ex = 100) 

405 

613 

REPMOVS (ex = 100) 

405 

407 

REPOUTS (ex = 100) 

405 

512 

REPSTOS(cx = 100) 

304 

505 

REPCMPS (ex = 100) 

905 

905 

REPECMPS {N = 100) 

905 

905 

REPESCAS{N = 100) 

805 

805 

RET (near) 

11 

12 

RET (far real mode) 

15 

20 

RET (far PVAM same privilege) 

25 

36 

RET (far PVAM different privilege) 

55 

72 

SAHF 

2 

3 

SHIFT reg, 1 (SHIFT = SAL, SAR, SHR) 

2 

3 

SHIFT mem, 1 

7 

7 

SBB reg, reg 

2 

2 

SBB mem, reg 

7 

6 

SBB reg, immed 

3 

2 

SBB mem, immed 

7 

7 

SCAS 

7 

7 

SGDT 

11 

9 

SIDT 

12 

9 

SLOT reg 

2 

2 

SLOT mem 

3 

2 

SMSW reg 

2 

2 

SMSW mem 

3 

2 

STC 

2 

2 

STD 

2 

2 

STI 

2 

3 

STOS 

3 

4 

STR reg 

2 

22 

STR mem 

3 

2 

SUB reg, reg 

2 

2 

SUB mem, reg 

7 

7 

SUB reg, immed 

3 

2 

SUB mem, immed 

7 

7 

TEST reg, reg 

2 

2 

TEST mem, reg 

6 

5 

TEST reg, immed 

3 

2 

TEST mem, immed 

6 

5 

VERR reg 

14 

10 

VERR mem 

16 

11 

VERW reg 

14 

15 

VERW reg 

16 

16 


80386SX/ 

80C286 


80C286-16 
FASTER 
THAN OR 
EQUALTO 
80386SX-16 
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Appendix (Continued) 


80C286 INSTRUCTION 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80C286 

NUMBER 
CLOCKS TO 
EXECUTE 

ON 80386SX 

80386SX/ 

80C286 

80C286-16 
FASTER 
THAN OR 
EQUALTO 
80386SX-16 

WAIT 

3 

6 

2.00 

v/ 

XCHG reg, reg 

3 

3 

1.00 

v/ 

XCHG reg, mem 

5 

5 

1.00 

v/ 

XLAT 

5 

5 

1.00 

y/ 

XOR reg, reg 

2 

2 

1.00 

y/ 

XOR mem, reg 

7 

6 

0.86 


XOR reg, immed 

3 

2 

0.67 


XOR mem, immed 

7 

7 

1.00 

y/ 

TOTAL number clocks to execute all instructions 

6894 

8664 



AVERAGE 



1.25 


Number of Instructions faster on 80C286 


79 



Number of Instructions equal on both processors 


64 



Number of Instructions faster on 80386 


39 



Total Number of instructions analyzed 


182 
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USING THE HS-3282 ARINC 
BUS INTERFACE CIRCUIT 

Daniel B. Clifton 

Introduction Bi-Directional Data Bus 


The Harris HS-3282 is a high performance CMOS 
programmable bus interface circuit that was designed to 
meet the requirements of ARINC Specification 429, and 
similarly encoded, time multiplexed serial data protocols. 
Its simple but efficient design allows the HS-3282 to be 
used without major complications in a variety of 
applications. By setting an internal control register, the 
HS-3282 can be programmed to operate at different data 
rates and with different word lengths, and to transmit 
either even or odd parity. The device can also be 
programmed to operate with or without a unique address 
(SDI — source/destination identifier), and with or without 
its self test mode implemented. Although the HS-3282 
was designed to transmit and receive high-speed data 
rates (100K BPS or 12.5K BPS), standard baud rates of 
9600 or 1200 BPS can be implemented by reducing the 
input clock frequency. The timing requirements of the 
HS-3282 make it compatible with 8086 microprocessor or 
other similarly based systems operating at 5 MHz or less. 
Designed to meet the critical needs of today’s advanced 
aircraft, the HS-3282 is a cornerstone of reliability for 
systems that cannot tolerate a wide margin of error. 

Functional Operation of the HS-3282 

In order to clarify and expand on the basic details given In 
the data sheet, the following information has been 
provided to point out some of the particularities of the HS- 
3282. 

Clock Frequencies 

The two receiver output signals, D/R1 and D/R2, have a 
minimum pulse width of one clock period. Because of 
this, when using a slower clock rate than 1 MHz to drive 
the HS-3282, these outputs may remain in a low state fora 
few microseconds after the data in the receivers is 
fetched. This could cause the same data to be fetched 
more than once if these outputs are used to drive state 
sensitive interrupt requests; therefore, it is necessary to 
use edge sensitive interrupt requests, as mentioned in the 
typical application of the HS-3282 below. 


Data transfer to and from the host is accomplished via a 
16-bit bidirectional, three-stated bus. The control of this 
bus is completely internal to the HS-3282. When data is 
written to the transmitter or the control word register, the 
bus is automatically enabled as an input; when data is 
read from the receivers, the bus is automatically enabled 
as an output, at all other times, the bus is in a high impe¬ 
dance state and will not interfere with external operations. 

Setting Up the Control Word Register 


When a low to high transition occurs on the CWSTR pin, 
the data on the eleven most significant bits of the bi¬ 
directional bus Is latched into the control word register. 
The location and function of each of these bits is shown in 
the data sheet. 

Receiver Operation 

Incoming data from the line receiver (or from the self test 
circuit) is shifted into the data shift register by the word 
gap timer on an edge sensitive basis. This results in a high 
data rate tolerance; although ARINC specification 429 
requires at least a ±1 % tolerance, the HS-3282 has at least 
a ±10% tolerance at all data rates. In order to prevent 
reception errors, the word gap timer is designed to disable 
and reset the receiver upon reception of two consecutive 
null times (or two consecutive data times), and re-enable 
the receiverafter four additional null times. If a word of the 
proper length (and SDI) has been rec eived by this time, 
the word will be latched and the D/R flag of the 
corresponding receiver will go low to signal the host that a 
valid word is re ady t o be fetched. (For the most efficient 
operation, the D/R flags should be used to generate 
interrupt requests to the host system.) It should be noted 
that the parity bit that is stored in the receiver latch may be 
different than the parity bit of the word that was received. 
This is because the parity bit that is stored in the receiver 
latch is actually a parity flag, indicating by its status the 
parity of the word that was received: if the parity of the 
word received was odd, the parity flag will be a logic “0”; if 
the parity of the word received was even, the parity flag 
will be a logic “1”. 
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Once a word is ready to be fetched, it may be read by the 
host system in two 16-bit parts over the bi-directional bus 
by strobing the appropriate EN line low twice, once with 
the SEL line low to read “word 1" and once with the SEL 
line high to read “word 2”. (If preferred, “word 2” may be 
read before “word 1”, or the EN line may be held low for 
one long pulse while the SEL Input is toggled to select first 
one word and then the other.) The actual ARINC contents 
of these two 16-blt “words" (or the contents of the 25 bit 
word leng^) Is shown in the data sheet. It should be noted 
that the D/R flag will not be reset unless both words are 
read. 

Transmitter Operation 

,As mentioned in the data sheet, the transmitter has a FIFO 
that can hold up to eigh t dat a wo rds. Although the HS- 
3282 has two inputs, PL1 and PL2, used to write data into 
the FIFO, the data is not actually entered into the FIFO un¬ 
til the second input (PL2) is pulsed low. Therefore, the 
first half of each data word must be written to the HS-3282 
first. Then, when the PL2 input is pulsed low to write the 
second half of the word, the proper data will be trans¬ 
ferred into the FIFO. 

The HS-3282 transmitter is designed to transmit data in 
sets containing from one to eight 32 or 25 bit words. It is of 
primary importance that the transmitter FIFO not be 
disturbed while this transmission is taking place; 
therefore, systems should be designed to disallow writing 
to the FIFO while transmission is taking place. The only 
exception to this rule is that words can be written Into the 
FIFO while the first word (only) is being transmitted; if 
transmission of a second word is started before the TX/R 
has returned to a high state, the FIFO must remain 
undisturbed until the entire transmission sequence is 
completed and the TX/R flag goes high. The TX/R flag be¬ 
comes useful here as an interrupt request output to the 
host system, signaling that the FIFO is ready for another 
set of data words. 

It IS also of primary importance that the ENTX input 
remain high for the duration of the transmission sequence 
or the integrity of the data in the FIFO will be broken. This 
can best be accomplished by feeding the TX/R flag 
through an inverter and back into the ENTX Input. This 
application will enable the transmitter as soon as the first 
word is written into the FIFO, and keep it enabled until the 
transmission sequence is completed; since most host 
systems operate at much greater speeds than the trans¬ 
mitter, an additional seven words could easily be written 
into the FIFO while the first word is still being transmitted. 


The value of the parity bit as written into the FIFO makes 
no difference since the transmitter sets the parity bit at 
transmission time according to the type of parity that it 
has been programmed to transmit. 

Lightning Protection 

Although the bus driver has been protected by a lOOmW 
fuse capable of sinking up to 1A for short periods of time 
(100ms) and internal zener diodes which saturate at about 
8.7 volts, the bus interface circuit has no such protection 
for its receiver inputs. Because of the possibility of a light¬ 
ing strike to aircraft, additional protection should be used 
to protect both the HS-3282 and the bus driver from high 
voltage spikes. External avalanche diodes with high 
power ratings (five or ten watts) should be used to clamp 
the bus at about ±6.8 volts. This will prevent the fuse and 
the zeners in the driver from being burned out by current 
surges, and it will keep the voltage level on the inputs of 
the receiver within acceptable limits. 

A Typical Application of the HS-3282 

The following example shows one possible way to inter¬ 
face the HS-3282 with a host system. Although different 
applications may require different approaches, most 
systems will have requirements similar to those that have 
been met here. 

Logical Control 

As shown in Figure 1, the support circuitry necessary to 
integrate the HS-3282 into a system primarily involves a 
logic circuit to drive the control inputs, in most cases, this 
can be achieved using microprocessor RD and WR bus 
control signals and two address lines in conjunction with 
a decoded chip select line and a DEN (data enabl e) iin e. 
Duri ng READ operations, the particular function (EN1 or 
EN2) is selected when the proper address is present while 
the RD line is low; note that the second LSB of the address 
bus is used to seiect either word 1 or word 2. The DEN line 
is used to signal the BID to place its data on the bus. 

Therefore, for read operations, the only timing require¬ 
ment the host system must meet is a minimum DEN pulse 
of 200ns plus the propagation delay of the enable gates. 
During write operations, the WR line is inverted and used 
instead of the DEN line to enable the particular function 
(CWSTR, PL1, or PL2) previously selected by the address 
bus. Since the minimum data hold time of the HS-3282 is 
0ns, the timing requirement for write operations, besides 
the minimum 200ns WR pulse, is a minimum data disena¬ 
ble delay equal to the total propagation delay caused by 
the function enable gates. 
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FIGURE 1. TYPICAL HOST TO HS-3282 INTERFACE LOGIC 


Address Decoding 

In the system shown, the transmitter FIFO is decoded as 
addresses F8 (first word) and FA (second word), and the 
control word register is at FC; writing to these addresses 
will load the corresponding registers of the HS-3282. 
Receiver latch #1 is at addresses F8 (first word) and FA 
(second word), and Receiver latch #2 is at addresses FC 
(first word) and FE (second word); reading these 
addresses will load the data from the corresponding 
receiver latch of the HS-3282. Note that an address line 
can be connected directly to the SEL input of the HS-3282 
to perform the receiver latch word select function. Since it 
is impossible to write to the receiver latches or to read the 
transmitter FIFO and the control word register, the ad¬ 
dresses of the read functions can overlap the addresses of 


the write functions without presenting a problem. See 
Table 1. 





ADDRESS 


RD 

WR 

F8 

FA 

FC 

FE 

1 

0 

plT 


CWSTR 

CWSTR 

0 

1 

Em 

Em 

EN2 

EN2 



(1st 

word) 

(2nd 

word) 

(1st 

word) 

(2nd 

word) 


TABLE 1. TYPICAL HS-3282 FUNCTIONAL DECODING 
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Interrupts 

For the most efficient operation, any system Incorporat¬ 
ing the HS-3282 should provide conditions by which the 
device can generate interrupt requests to the host system. 
If both receivers are being used, then a minimum of three 
Interrupt vectors are needed: one (TX/R) to signal the end 
of a data set transmission, and one for each of the receiv¬ 
ers (D/R) to signal the presence of a valid word ready to be 
fetched. Since the TX/R signal can remain high for inde¬ 
terminate periods of time while the transmitter is Inactive, 
the requests should be received by the host on an edge 
sensitive basis. 

Software Requirements 

A flowchart of a simple algorithm that the host system 
could use to exercise and monitor the functions of the 
HS-3282 is shown in Figure 2. In order to begin, the 
HS-3282 must be initialized with a control word, then the 
host should set some flag in system memory to Indicate 
that the transmitter is available. If data is ready to be 
transmitted, the host should store the data in a temporary 
buffer until the transmitter becomes available. At this 
time, the data Is taken from the buffer and loaded into the 
transmitter FIFO (eight 32 bit words maximum). After 
loading the FIFO, the host should reset the flag in system 
memory mentioned previously to indicate that the 
transmitter Is no longer available. Unless an interrupt Is 
received by this time, the host can move on to other tasks 
or continue storing data in th e te mporary buffer (as 
shown by the broken arrow). If a D/R interrupt is received, 
data can be read from the receiver latch and any corres¬ 
ponding action taken. If a TX/R Interrupt is received, the 
transmitter available flag should be set once again, and 
any ready data in the buffer could be written into the FIFO. 


Adapting the HS-3282 to an 
8-Bit Data Bus 

Although designed for a sixteen bit data bus, the HS-3282 
can be used in systems with an eight bit data bus by 
adding a few external components. The following 
example shows how this can be done. 

Logical Control 

Figure 3 shows the circuitry necessary to integrate the 
HS-3282 into a system that utilizes an 8 bit data bus. The 
circuit is very similar to the one in Figure 1, the primary 
difference being the addition of the logic circuitry neces¬ 
sary to drive two input/output latches. The primary pur¬ 
pose of this additional circuitry is to latch the high order 
byte of data so that the host system can accomplish each 
16 bit data transfer with the HS-3282 by using two sepa¬ 
rate 8 bit operations. Each of the two latches serves a spe¬ 
cific purpose: the output latch provides the HS-3282 with 
the high order byte during write operations (PL1, PL2, and 
CWSTR), and the input l atch recei ves t he high order byte 
during read operations (EN1 and EN2). The outputs on 



FIGURE 2. SIMPLE HS-3282 DRIVER ALGORITHM 


these latches should be three-stated to avoid bus 
contention. The least significant bit of the address bus is 
used to activate the latches onto the host system data bus 
whenever the host system Is performing high order byte 
operations, and this same address bit is inverted and 
added as an input to each of the function enable gates to 
prevent the HS-3282 from being activated at the same 
time. During low order byte operations, the outputs of the 
function enable gates are used to activate the latches onto 
the high order byte of the bidirectional bus of the 
HS-3282, allowing the BIU to instantaneously transfer a 
full 16 bit word. Since the latches are automatically 
activated in unison with the BIU during low order byte 
operations, the high order byte must be handled first 
during write operations so that the proper data will be 
present in the output latch when the lower byte is written 
to the BIU. Conversely, the low order byte must be 
handled first during read operations since the high order 
byte is automatically strobed into the input latch when the 
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low order byte is read. Timing requirements are increased 
by the additional logic gates; read operations now require 
a minimum DEN pulse equal to 200ns plus the propaga¬ 
tion delays of two logic gates, a one-shot, and the input 
latch; write operations now require a minimum delay from 
address valid to WR enable equa l to the propagation de¬ 
lays of two gates and a minimum WR pulse of 200ns plus 
the propagation delays of two gates and the output latch. 


Note that one shots are used to drive the strobes on the 
latches. This is necessary so that the falling edge of the 
strobe occurs while the data is still active on the bus, 
otherwise, the propagation delays of the additional gates 
would cause the latches to close after the data had been 
disenabled. 



FIGURE 3. TYPICAL HOST TO HS-3282 INTERFACE LOGIC USING AN EIGHT BIT DATA BUS 
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Address Decoding 

The system in Figure 3 will have the same functional 
addresses as the system in Figure 1 except that in this 
case each particular byte of each register has its own 
address. Therefore, the FIFO is still located at addresses 


F8 (first word, low byte) and FA (second word, low byte): 
however, the high bytes must be addressed as F9 (first 
word) and FB (second word). The receivers are addressed 
in the same way as shown in Table 2. 



1 EN1 EN1 EN1 EN1 EN2 EN2 EN2 EN2 

Low Byte High Byte Low Byte High Byte Low Byte High Byte Low Byte High Byte 

1st Word 1st Word 2nd Word 2nd Word 1st Word 1st Word 2nd Word 2nd Word 

TABLE 2. TYPICAL HS-3282 FUNCTIONAL DECODING USING AN EIGHT BIT DATA BUS 


Conclusion 

Although it was designed for ARINC applications, the 
HS-3282 bus interface circuit is a very versatile device, 
capable of serving any type of communications purpose. 
Its high speed capability and its high reliability make it 
especially useful in scientific and real time operations 


where large volume data gathering and time critical trans¬ 
mission of control signals is required. These qualities, in 
combination with the simplicity with which the device 
may be incorporated into a system, make the HS-3282 a 
wise choice for a wide spectrum of applications. 


ARINC Specification 429 A Brief Overview 


ARINC Specification 429, otherwise known as the Mark 33 
Digital Information Transfer System (DITS), is a definition 
of standards used extensively by the air transport industry 
for the transfer of digital data between avionics systems 
elements. Systems utilizing this standard have been 
installed in a wide range of aircraft including the Boeing 
737, 747, 757, and 767; the European Airbus; Bell 
Helicopter: and a large number of small aircraft. 
Replacing the earlier ARINC Specification 419 which had 
standardized the various forms of serial transmission 
developed during the emergent period of digital avionics 
technology. Specification 429 eliminates much of the 
previous confusion by defining the standard for a single 
form of serial transmission. 

According to Specification 429, digital data is transmitted 
via a differential signal over a uni-directional bus com¬ 
posed of two twisted and shielded wires. The data is sent 


in thirty-two bit words, each word containing a parity bit 
and an eight-bit label that defines the flight function to 
which the remaining data pertains. This data, encoded in 
either numeric (binary or BCD) or alphabetic (ISO No. 5) 
format, is further divided into various fields according to 
label type. In order to completely standardize communi¬ 
cation and prevent conflicts, all flight functions have been 
assigned a particular label and data format. 

The ARINC Specification 429, by defining a single stan¬ 
dard for the transfer of digital information, eliminates the 
need for complex interfaces between avionics systems 
produced by different manufacturers. This provides those 
avionics components that conform to this standard with a 
virtual “plug-in” capability, and gives such components a 
certain measure of universality. For more information 
about this specification, contact Aeronautical Radio, Inc., 
2551 Riva Road, Annapolis, Maryland 21401. 
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DESIGN OF CLOCK GENERATORS FOR USE WITH COSMAC 
MICROPROCESSOR CDP1802 

Author: D. Hillman 

Introduction 


Clock signal generation for the CDP1802 COSMAC 
Microprocessor is simple and straightforward. The CDP1802 
features of static operation, single-phase clock input, and the 
on-chip oscillator amplifier make practical the use of a low- 
cost, highly stable, crystal-controlled oscillator as its clock 
generator. The design of external oscillators for this purpose, 
crystal or RC controlled, is equally straightforward and they 
require only minimal circuitry. In addition to the oscillator 
amplifier, the CDP1802 Incorporates all necessary start/stop 
logic on-chip. This application note describes clock genera¬ 
tor designs suitable for various applications. 

Crystal Oscillator Design 

The basic oscillator circuit for the CDP1802 consists of the 
on-chip amplifier and an external feedback network as 
illustrated in Figurel. For oscillation to occur, the gain of the 
amplifier (a) times the attenuation (p) of the feedback 
network must be greater than or equal to one. In addition, 
the total phase shift through the amplifier and feedback 
network must be equal to N times 360 degrees, where N is 
an integer. Oscillations occur in any system in which the 
amplified signal is returned in phase to the amplifier after 
being attuned less than it was originally amplified. 


180® 

• PHASE SHIFT- 


(ATTENUATtON s p) 


FEEDBACK 

NETWORK 


180® 

• PHASE SHIFT- 


FIGURE 1. BASIC OSCILLATOR CIRCUIT 

The frequency stability of an oscillator is primarily dependent 
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upon the phase-changing properties of the feedback net¬ 
work. Because of their high Q and Inherent frequency stabil¬ 
ity, quartz crystals are commonly used in the feedback 
network. 

A parallel resonant oscillator circuit is shown in Figure 2. The 
phase angle for the type of feedback network shown in this 
figure is extremely sensitive to a change in frequency, a con¬ 
dition necessary for stable oscillation. If the equivalent resis¬ 
tance of the crystal is in fact zero (infinite Q), a change in 
phase angle of the feedback circuit would not cause any 
change In oscillator frequency. Therefore, for an oscillator of 
highest stability, the Q of the crystal should be as high as 
possible. In general, Q increases with increasing frequency. 


FEEDBACK 

NETWORK 


OPTIONAL 

Vdd = Vcc 


, BUFFERED 
CPU CLOCK 


(1/6 CD4069B) 


40|39 

__ 





i OSCILLATOR! 


\ ^ 
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; 

CDP1802 


H 
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Vss 

if 

16? 

20 T 
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■sr" 


FIGURE 2. PARALLEL RESONANT OSCILLATOR CIRCUIT 

The crystal load capacitance, C|_, is defined as the series 
sum of Cl and C 2 . Higher values of crystal load capacitance 
generally improve frequency stability, but also increase 
power consumption. The choice of equivalent load capaci¬ 
tance (usually specified to the crystal suppliers) only fixes 
the series sum of the two capacitors and C 2 . The value of 
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the amplifier output capacitance Ci should not be fixed. A 
trimmer should be connected in parallel with, or used in 
place of, a fixed output capacitor to permit compensation for 
variation in stray capacitance and circuit component values. 

The required capacitance range for the oscillator trimmer 
capacitor is determined by the variation in oscillation fre¬ 
quency with load capacitance. The total trimming range is 
mainly a function of the crystal characteristics. For a more 
detailed analysis, see Reference 4. 

Practical Oscillator Circuits 

The amplifier, feedback network, and crystal considerations 
discussed in the preceding paragraphs can be combined for 
the design of a crystal-controlled oscillator for the CDP1802. 
The majority of microprocessor applications do not require 
the frequency of oscillation to be so exact as to require oscil¬ 
lator trimming. An “untrimmed” crystal oscillator will be within 
1% of its specified crystal frequency. For most microproces¬ 
sor applications the following simple guidelines can be used. 

1. The crystal should be connected between terminals 1 
and 39 of the CDP1802. 

2. For crystal frequencies between lOOKHz and 6.4 MHz, a 
10 to 22 megohm feedback resistor should be used In 
parallel with the crystal. 

3. Capacitors and C 2 are not required but a value of 
between 20 and 30 pF for each Is recommended to 
Improve stability. 

It should be noted that the on-chip oscillator and timing gen¬ 
erator are capable of operating at frequencies higher than 
the microprocessor maximum operating frequency. For reli¬ 
able operation, the crystal frequency must always be less 
than or equal to the maximum operating frequency specified 
in the CDP1802 data sheet. 

A practical example, the CDP18S020 Evaluation Kit oscilla¬ 
tor, consists of a 10 megohm feedback resistor and a 2MHz 
AT cut crystal, both connected In parallel across terminals 1 
and 39 of the CDP1802. (Crystal: Part No. X023303; 
Cl=15pF; Series Ml; holder, series HC330; made by 
Turotel, Inc., 13402 S. 71 Highway, Grandview, Missouri 
68030.) Provisions for oscillator capacitors are made in the 
Evaluation Kit, but their use is not required. The increase in 
oscillator stability with respect to supply voltage that can be 
obtained by adding the capacitors Is shown in Figure 3. 



FIGURE 3. STABILITY OF CDP1802 CRYSTAL OSCILLATOR 
AS A FUNCTION OF LOAD CAPACITANCE VALUE. 

The amplifier stability also depends upon the value of the 
resistor in the feedback network. Figure 4 shows the rela¬ 
tionship between the feedback resistor value and oscillator 
stability. The cun/e indicates that 10 megohms is an ade¬ 
quate value for the feedback resistor. 



FEEDBACK RESISTANCE — MEGOHMS 

FIGURE 4. STABILITY OF CDP1802 CRYSTAL OSCILLATOR 
AS A FUNCTION OF FEEDBACK RESISTANCE 
VALUE. 
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External Clock Generators 


For low-frequency applications (less than SOOKHz) a cost- 
effective approach may be to use external RC-controlled 
oscillators. Three simple RC-controlled oscillators that may 
be used to clock the CDP1802 are shown in Figure 5. When 
an external clock is used in high-noise environments, a 20 to 
30pF capacitor between terminal 39 (XTAL) of the CDP1802 
and ground may be used to Increase the microprocessor 
noise Immunity. 


^ns 

KtH 


;i [ C»TB)(VDO-VTri 
jVoD ♦ VoK>i)e)2^ 


(1/3 CD4069B) 



ji_r 


T«2RCin ~ 

K I 


ns 


(1/4 CD4093B) 


FIGURE 5. THREE SIMPLE RC-CONTROLLED OSCILLATOR 
CIRCUITS SUITABLE FOR USE AS EXTERNAL 
CLOCK FOR CDP1802 MICROPROCESSOR (OUT¬ 
PUT CONNECTED TO PIN 1 THROUGH 
EVALUATION KIT P2-W). 

(a) INVERTER TYPE OSCILLATOR (SEE REFER¬ 
ENCES 5 AND 6). 

(b) RC OSCILLATOR USING DIGITAL 1C CD4047A 
(SEE REFERENCES 5 AND 6). 

(C) SCHMITT-TRIGGER-TYPE RC OSCILLATOR 
(SEE CD4093B DATA SHEET). 


The selection of the R and C should be compatible with sys¬ 
tem requirements. The capacitor should be non-polarized 
and have low leakage. There Is no upper limit for either R or 
C values to maintain oscillation. However. C should be larger 
than the inherent stray capacitance. R must be larger than 
the output Impedance of the COS/MOS device, which is typ¬ 
ically hundreds of ohms. In addition, with very large values of 
R. some short-term instability with respect to time may be 
noted. Based on these considerations recommended values 
for these components are: 

C - greater than 100pF. up to any practical value 

R - greater than 10 kilohms. but less than one megohm 

With large values of R and C. the circuit in Figure 5(c) can be 
used. This circuit, because of its hysteresis, eliminates multi¬ 
ple output pulses caused by noise on the input RC wave¬ 
form. For a more detailed analysis, see References 5 and 6. 

Clock Buffering 

In some applications it may be desirable to supply the CPU 
clock signal to other system components. In such cases the 
loading on the oscillator circuit should be minimized by buff¬ 
ering the clock through a COS/MOS inverter, as shown in 
Figure 2. The loading presented by the inverter will be 
mainly capacitive, about 5 picofarads, and can usually be 
neglected in non-critical designs. The buffer should be 
located close to the crystal in order to minimize stray capaci¬ 
tance. 

When the crystal oscillator is being trimmed to its desired 
frequency, the buffered clock technique should also be used 
to prevent the oscillator from being loaded by the frequency 
counter. 

References: 

1. CDP1802 data sheet. 

2. CD4047A data sheet. File No. 623. 

3. CD4093B data sheet. File No. 836. 

4. Timekeeping Advances Through COS/MOS Technol¬ 
ogy”. ICAN-6086. 

5. “Using the CD4047A In COS/MOS Timing Applications”, 
ICAN-6230. 

6. “Astabie and Monostable Oscillators Using Harris COS/ 
MOS Digital Integrated Circuits”, ICAN-6267. 


processor. MPM-201. 
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USER’S GUIDE TO THE CDP1879 AND CDP1879C1 CMOS 

REAL-TIME CLOCKS 


Author: D. Derkach 


Introduction 

The CDP 1879 and CDP1879C1 Real-Time Clocks^ are 24- 
pin devices, each consisting essentially of a long string of 
counters that supply standard clock time and date informa¬ 
tion in BCD format, Figure 1. In addition, the CDP1879 fea¬ 
tures an alarm circuit that activates the interrupt output pin 
and a separate clock output pin that provides a programma¬ 
ble square-wave output signal. Both the internal-alarm and 
clock-out signals can trigger the interrupt output pin, so that 
a status register is available to indicate the interrupt source. 
Users can supply a signal to the power-down pin that allows 
the Interrupt-output pin level to control external power-down 
and wake-up circuits. Software generally required by other 
real-time clocks to prevent clock rollover is eliminated by a 
transparent “freeze” circuit that assures data integrity when 
accessing the clock. The clock’s counters, plus a control reg¬ 
ister that regulates operation, are individually selectable 
using three address lines. Internal control signals gov erning 
read and write operations are selected through the l-O/MEM 
pin, which places the device in a memory-mapped or I/O- 
mapped mode of operation. 

The real time clocks were designed using Harris PaCMOS 
standard-cell approach and are manufactured under a sili¬ 
con-gate CMOS process. Both the CDP1879 and 
CDP1879C1 have guaranteed dc and dynamic parameters 
that allow operation at temperatures of -40 to +85°C in a 
plastic package, in addition, both versions can operate in a 
ceramic package from -55 to 125°C (see data sheet^ for 
complete static and dynamic values). 

The CDP1879 operates from a supply of 4 to 10.5 volts. It 
accepts a parallel resonant crystal or will keep time with an 
external clock source. Crystal frequencies are 
1.048576MHz, 2.097152MHz, and 4.194304MHz. The 
CDP1879C1 is the lower voltage version with an operating 
voltage range of 4 to 6.5 volts. Like the CDP1879, It also 
operates with either an external clock source or at the same 
crystal frequencies. It can also run with a 32,768-Hz crystal. 

Interfacing - Hardware Considerations 

l/O-Control and Device-Enable Pins 

The real-time clocks, shown in block diagram form in Figure 
1, are designed to interface directly to Harris CDP1800- 
series processors (described briefly below). Therefore, pin 
labels on the clocks. Figure 2, match the pin names of these 
processors. Figure 3 indicates clock I/O control and direction 


pins; the functions of these pins are explained immediately 
below. Figure 4 is an l/O-control and device-enabled sche¬ 
matic. Table 1 shows I/O pin connections. 

TPA (Timing Pulse A) - TPA refers to a timing signal from 
the CDP1800-serles processors that occurs early in the 
machine cycle, and that is used to latch the processor’s mul¬ 
tiplexed high-order address. In the real-time clock, this pin 
carries a strobe input used to latch the value of the CS pin. 
In memory-mapped operation, the pin may be tied high, 
requiring that CS be held for the duration of each read or 
write cycle. When the l/O-mapping mode is selected, this pin 
must be pulsed when the CS input is high. 

CS (Chip Select) - The chip-select pin is an active high input 
that is used to enable the clock. 

l-O/MEM (I/O or Memory-Mode Select) - This pin is tied low 
to place the clock in the memory-mapped mode, and high 
when I/O operation is desired. Most processors will use the 
memory-mapped mode of operation. 

RD (Read) - When the clock is in the memory-mapped 
mode, RD is an active low signal that enables data from the 
counters or status register to be placed on the data bus for 
the processor to read. When the clock is in the I/O mode, the 
read operation occurs when RD is high; a write operation 
occurs when RD is low and TPB/WR is high. 

TPB/WR (Timing Pulse B/Write) - TPB refers to a timing 
signal from the CDP1800-series processors that appears 
late in each machine cycle and that is used to write data into 
accessed peripherals. When the clock is in the memory- 
mapped mode, TPB/WR is an active low signal used to write 
data into the clock’s counters or control register. During l/O- 
mapping, a high level on this pin allows data latched on the 
trailing edge of the signal to be written Into the counters or 
register. 

CD1800-Series Interface 

The clocks interface to CDP1800-series processors that use 
memory-mapping and l/O-mapping techniques to communi¬ 
cate with peripherals and memory. Memory-mapping implies 
address-line decoding to select memory locations and chip 
selects. With this technique, the real-time clock’s counters 
and registers are treated as memory locations. Read and 
write signals are active low. The CDP1800-series proces¬ 
sors include three separate N-lines that are active during the 
14 I/O instructions. These instructions are memory refer- 
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enced so that data traveling in either direction is transferred 
between the peripherals and memory. 

When I/O instructions are executed, the memory location is 
the reference for data transfer. Therefore, when an output 
instruction is performed (write cycle) the processor’s RD line 


is activated and puts the data in memory onto the data bus. 
Late in the same cycle, the TPB from the processor is used 
to write data into the peripheral. An Input instruction (read 
cycle) allows external data to be placed In memory. The pro¬ 
cessor’s WR line is activated, and the data is written in. 
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FIGURE 4. I/0>C0NTR0L AND DEVICE-ENABLE SCHEMATIC 


TABLE 1. VO PIN CONNECTIONS 


CDP1879 PIN 



Harris CDPISOO-serles 
(I/O mapped) 


CDP6805 


8085/NSC800 



PROCESSOR 


Harris CDPISOO-series TPA (Note 1) Hi or decoded address 
(Memory-mapped) 


N or decoded N lines 
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1. May be connected to VDD when CS is externally latched. 
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Figure 5 shows a typical memory-mapped interface utilizing interface of the clock to an 8085 processor, Figure 7 the 
the CDP1802. This interface places the clock and counter- interface to a CDP6805, and Figure 8 the interface to a Zilog 
timer in selectable 4k memory blocks. Figure 6 shows the Corporation Z-80®. 



FIGURE 5. REAL-TIME CLOCK AND COUNTER-TIMER IN MEMORY-MAPPED INTERFACE 
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FIGURE 6. 8085 INTERFACE AND TIMING: (a) MEMORY-MAPPED INTERFACE, (b) I/O-MAPPED INTERFACE, (c) TIMING CYCLES 
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FIGURE 7. CDP6805 I/O-MAPPED INTERFACE (a), AND 
TIMING DIAGRAM (b) 



FIGURE 8. ZILOG CORPORATION Z-80® INTERFACE TO THE 
CDP1879 

Timing Considerations 

Figures 9 and 10 show read and write-cycle timing wave¬ 
forms, respectively. The read and write limits shown must be 
observed to successfully access the clock. Three of the 
characteristics, hold after read and write, and read access 
time, may represent critical limit values when the clock is 
interfaced to processors operating at their maximum fre¬ 
quency limit. 


READ CYCLE TIMES (Notel) 

Data Access From Address 

bA 

Read Pulse Width 

fpD 

Data Access From Read 

tOR 

Address Hold After Read 

fpH 

Output Hold After Read 

fOH 

Chip Select Setup to TPA 

fcs 


LIMITS (ns) 


MAXIMUM 


400 



NOTES: 1. Characteristics at T^ = -40°C to +85°C; Vdd = 5V ±5%; Input tr, tf = 10ns; Cl = 50pF and 1 TTL load. 
2. Time required by a limit device to allow for the indicated function. 

I (a) 
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FIGURE 9. READ-CYCLE TIMING CHARACTERISTICS (a), AND WAVEFORMS (b) 
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WRITE CYCLE TIMES (Note 1) 


LIMITS (ns) 


MINIMUM (Note 2) 


225 


Address Setup to Write 


Write Pulse Width 


Data Setup to Write 


Address Hold After Write 


Data Hold After Write 


Chip Select Setup to TPA 


NOTES; 

1. Characteristics at = -40 to +85°C; Vqq = 5V ±5%; Input t,, tf = 10ns; CL = 50pF and 1 TTL load 

2. Time required by a limit device to allow for the indicated function 


ADDRESS/CHIP SELECT 


DATA TO REAL TIME CLOCK 



FIGURE 10. WRITE-CYCLE TIMING CHARACTERISTICS (a) AND WAVEFORMS (b) 


Output Hold After Read (t^h) 

When multiplexed bus processors, in which address and 
data share the same pins, are interfaced to the clock, the 
output-hold-after-read parameter (230 nanoseconds) may 
cause bus contention. As an example, at 5MHz, the 
CDP6805 requires data to be off the bus within 160 nano¬ 
seconds after data strobe. The 8085A operating with a 6- 
MHz crystal requires 150 nanoseconds after read. Since the 
clock may hold data for 230 nanoseconds, bus contention 
may occur if these processors are Interfaced to the clock at 
their maximum operating frequencies. 

Data Hold After Write (t^^) 

The real-time clocks require that data be held after the trail¬ 
ing edge of the write pulse for 150 nanoseconds. Neither the 
8085/NSC800, Z-80® , nor CDP6805 meet this requirement 
at their maximum operating frequencies. 

Data Access From Read (t^r) 

The clock will supply data a maximum of 375 nanoseconds 
from the leading edge of the read pulse. The data set-up 
requirements for processors operating at their maximum 
frequencies may require faster access. 


Hold and Access-Time Solutions 

All of the above parameters are frequency dependent. Often, 
simply lowering the frequency when accessing the clock will 
solve any timing problems. Access times can be extended by 
inserting wait states. Write and read-hold-time problems are 
more difficult to correct; glue parts, such as latches and buff¬ 
ers, are required to meet the requirements of these timing 
parameters. 

Interfacing - Software Considerations 

Programming Model 

Figure 11 illustrates the counters, alarm latches, and regis¬ 
ters that must be accessed to write in and read out time and 
date Information. The functions are selected through internal 
decoding of three address lines. Table 2 contains the register 
access codes for different combinations of address Inputs. 
Figure 12, a programming model of the same registers, 
shows their read and/or write availability. These address 
lines and data lines, in conjunction with the I/O control pins, 
constitute the interface to the clock. 

When the clock is configured for memory-mapped operation, 
it can be considered as six memory locations that reside in 
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an area of memory determined by the definitive decoding of 
the upper address bits. The clock’s I/O-mapped mode 
utilizes the N-iines (I/O lines) and I/O instructions of the 
CDP1800-series processor. The processor’s N-lines are 
decoded for use as a chip select, and in a two-level scheme, 
are also used as the address input signals. 

When other processors are interfaced to the clock, the clock 
will generally be placed in its memory-mapped mode. An 
exception is interface with the CDP6805, where the clock is 
usually wired for I/O operation. 

Writing to and reading from the clock is as straightforward as 
accessing memory. Software considerations regarding clock 
rollover (when the one-second clock may pulse the counters 
during read or write cycles) are eliminated by utilizing the 
freeze circuit (described below), which requires only one 
additional instruction. Use of the freeze circuit eliminates the 
software burden of looking for a signal or register bit that 
guarantees valid data. A write cycle with address 1 and don’t 
-care data before any series of counter accesses (read or 
write cycles) assures that the one-second clock has been 
held and will not interfere with accesses for 250 
milliseconds. 



BIDIRECTIONAL 
DATA BUS 


FIGURE 11. FUNCTIONS THAT MUST BE ACCESSED TO 
WRITE IN AND READ OUT TIME AND DATE 
INFORMATION 

Freeze Circuit 

The freeze circuit is designed to allow the user easy access 
to the real-time clock without the fear that clock rollover will 
cause erroneous time data. Clock rollover problems occur 
during counter reads while the asynchronous one-second 
clock Input to the counter-divider chain is ripping through the 
counters. 

As an example. In Figure 13(a), the one-second clock is 
about to set the time to 0 seconds, 0 minutes and 3 hours. A 
read is performed, and the hours counter indicates 2 hours. 


But before the second and minute counters are read, the 
one-second clock ripples through them, with the result that 
the counters hold the time shown in Figure 13(b). When the 
seconds and minutes counters are read (b), their values are 
correct, but the hours time, read before the ripple, is 1 hour 
off. It is apparent that this type of error can be a substantial 
problem, particularly if the date and month counters are 
Involved. 

WRITE AND READ REGISTERS WRITE ONLY REGISTERS 



REAP ONLY REGISTER 


MONTH COUNTER INTERRUPT STATUS REGISTER 


FIGURE 12. PROGRAMMER’S MODEL OFTHE REGISTERS OF 
FIGURE 

Operation 

The counter-series string Is clocked by the negative transi¬ 
tion of the one-second clock. This clock transition must pass 
through the freeze circuit before toggling the counter-series 
string, as shown in Figure 14. The freeze circuit creates a 
“window” 250 milliseconds wide shown as time (A) in Figure 
15. If the counter reads or writes (for addresses other than 
address 7) are performed during this window, the clock tran¬ 
sition Is held and is not allowed through the freeze circuit 
until time (C) Figure 15, when the transition is Inserted Into 
the counter series string. If counter accesses are initiated 
just before the one-second-clock transition, the clock would 
toggle the counters 250 milliseconds later. Therefore, a 
requirement when using the real-time clocks is to finish 
operations within 250 milliseconds of the initial access. 

If the clock is accessed during time (A), Figure 15, and then 
accessed again at time (C), when the counter is allowed to 
toggle, ripple problems would occur. To preclude this 
problem, a second window is created by the freeze circuit 
during time (B). This window will allow a write to address 1 to 
immediately reset the freeze circuit and clock the counters. 
Subsequent accesses to the real-time clock will occur well 
after the clock has rippled through the counters. 

If read or write operations are performed during time periods 
other than (A) or (B), the freeze circuit is not functional. 

Figure 16 shows a simplified freeze circuit (a), and the 
sequence of freeze-circuit operation (b). 
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TABLE 2. REGISTER TRUTH TABLE 


ACTIVE SIGNAL 


BIT 3 CONTROL 
REGISTER 



REGISTER OPERATION 


Write seconds counter 


Read seconds counter 


Write minutes counter 


Read minutes counter 


Write hours counter 


Read hours counter 


Write date counter 


Read date counter 


Write month counter 


Read month counter 


Write seconds alarm latch 


Write minutes alarm latch 


Write hours alarm latch 


Write control register 


Read int. status register 


1 SECOND 
CLOCK 


I SEC I - j M»N. I - 1 HR. I - j SEC. I - j MIN. | - 1 HR. | - 


FIGURE 13. FREEZE-CIRCUIT READ EXAMPLE 


1 1 


CL^K P"ESCALERU™/«E|Jnn_|;;;^^ 


FIGURE 14. COUNTER SERIES STRING 



L 250 J I 
I » I_ 

rn h 



(i 


FIGURE 15. FREEZE-CIRCUIT TIMING WAVEFORMS 
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NOT ACCESSING 
CONTROL REGISTER 



FIGURE 16. SIMPLIFIED FREEZE CIRCUIT (a), AND FREEZE-CIRCUIT OPERATION (b) 


1. Set freeze during time period A, (one second clock is held high) 

2. Reset freeze at time period C, 

3. or during time period B If address 1 is present during a write cycle 


Restrictions on Accuracy 

The data sheet for the real-time clock states that when the 
seconds counter is written to, the last 7 stages of the pres¬ 
caler are reset, resulting in a 10-millisecond accuracy. Nor¬ 
mally, the seconds counter will be clocked 1 second from the 
time of the write to the seconds counter. However, If the 
freeze circuit has been activated, this sequence may not 
occur, therefore, to assure the lO-milllsecond accuracy, the 
following procedure should be used: 

1. Write to seconds counter - don’t care data - address 2 

2. Dummy write - don’t care data - address 1 

3. Write to seconds counter - valid data - address 2 

The mild restrictions on accesses to the real-time clock 
require no additional software or hardware considerations to 
assure data Integrity. In all other known clocks, software 
solutions to clock rollover problems range from reading and 
comparing the time data twice to sampling register values. 
Hardware solutions vary between stopping any Internal clock 
updates to monitoring output-pin transitions. The addition of 
an address 1 write operation preceding accesses to the 
CDP1879 real-time clock In conjunction with the require¬ 
ments to finish accesses in 250 milliseconds will guarantee 
stable and accurate time data. 


Register Descriptions 

The real-time clock contains a control register to configure 
its operation, and a status register to identify interrupts, five 
registers or counters to hold the time from seconds to 
months, and three additional registers that are referred to as 
alarm latches, which hold the alarm time. 

Control Register 

The control register Is a write-only register that shares the 
same address as the status register, address 7. A brief 
explanation of the functions of the eight bits in the control 
register are shown In Figure 17; more detail Is given in the 
paragraphs that follow. 

Bits 0 and 1 - Frequency Select - The logic levels in bits 0 
and 1 are decoded and used to select the appropriate input 
to the last 14 stages of the prescaler chain. Figure 18. Their 
selection must match the crystal or external clock source 
used to drive the oscillator selection of the real-time clock. 

Bit 2 - Start/Stop - As shown In Figure 18, a 1 In bit 2 
enables the input to last through 14 stages of the prescaler 
chain. A zero in this position inhibits counting. 


SELECTS ONE 
OF 15 CLOCK 
OUT SIGNALS 


—'-' T—’ SELECTS DIVIDER 

T IN PRESCALER 
-1- CHAIN 

-ENABLES COUNTING 

- DETERMINES DATA TRANSFER TO/FROM 
TIME OR ALARM REG. 

ALSO ENABLES ALARM. 


FIGURE 17. CONTROL REGISTER 
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ONE SECOND 
OUT TO 
SECONDS 
COUNTER 


32,768 Hz 
1.048576 MHz 
2.097152 MHz 
4.194304 MHz 


Stop Counter 
Start Counter 


FIGURE 18. FREQUENCY-SELECT OPERATION 


Bit 3 - Counter/Latch Control - Figure 19 is a simplified 
diagram of the counter/alarm latch access. Bit 3 has two 
functions. First, If set to zero. It directs written data to the 
time counters. If set to 1, data is written Into the alarm 
latches. This bit function is necessary because the time 
counters and their comparable alarm latches have the same 
addresses. The second function of bit 3 is to enable the 
alarm-out signal. An alarm signal (Interrupt output low and 
bit 7 set In the status register) will only appear if this bit (bit 
3) is a logic 1. 

Bits 4, 5, 6 and 7 - Clock Select - Figure 20 is a block dia¬ 
gram of the clock-out select function; Figure 21 is a table of 


clock-out selections. Bits 4, 5, 6, and 7 are decoded, and 
enable the required prescaler or time counter output to tog¬ 
gle the clock-out pin. 

Status Register 

The status register. Figure 22, is used to indicate the inter¬ 
rupt source. Bits 0 through 5 are held low. Bit 6 high indi¬ 
cates that a programmed negative clock-out transition has 
occurred, and bit 7 high identifies the alarm circuit as the 
interrupt source. These bits are reset by an external reset or 
by writing to the control register. Note, In Figure 23, the delay 
of approximately 30 microseconds before the alarm signal 
sets bit 7. 


CONTROL 

REGISTER 



ALARM SIGNAL 
TO INTERRUPT 
OUTPUT PIN AND 
MSB STATUS 
REGISTER 


FIGURE 19. SIMPLIFIED DIAGRAM OF COUNTER/ALARM LATCH ACCESS. 



7-79 


APPLICATION 

NOTES 














Application Note 7275 



FIGURE 22. STATUS REGISTER 
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FIGURE 23. DEBOUNCE WAVEFORMS 


Operating Sequence 

Although accessing of the clock is similar to accessing of 
memory, certain procedures should be followed when writing 
the data to assure correct operation. 

The control register is accessed first to set the operating 
characteristics and to direct subsequent accesses to the 
counters or alarm latches. The upper nibble of the control- 
register byte selects one of 15 square-wave output signals 
that appear at the clock-out pin. If a clock-out is selected 
before the time counters are accessed and loaded, an inad¬ 
vertent interrupt may be generated. To preclude this occur¬ 
rence when the interrupt signal is utilized, the upper nibble of 
the control register byte is set to zero during the initial con¬ 
trol-register write cycle. The time counters and/or alarm 
latches are then loaded. The control register is then written 
to again, and the value in the upper nibble selects the 
required clock. 

Data Format Required (BCD) 

1. Seconds and Minutes counters and alarm latches 00 to 
59 

2. Hours counter: 01 to 12 for AM/PM 

00 to 23 for 24-hour time 
Bit 7: 0 = AM, 1 = PM 
Bit 6: 0 = 24 hour, 1 = 12 hour 

Hour alarm latch: 01 to 12 for AM/PM, 00 to 23 for 24 
hour. 

12 hour (AM/PM): Bit 7: 0 = AM, 1 = PM 

If the time counter Is set for 24-hour time, bit 7 Is don’t 


3. Day-of-month counter: 01 to 28, 29, 30 or 31. 

4. Month counter: Jan. = 1, Dec. = 12 
Bit 7: 0 = No leap year, 1 = leap year 

Setting the Time 

The time counters, from seconds to months, are accessed 
and written into using the procedure described below. Data 
entered is in BCD format. For example, 12 seconds in the 


seconds counter would be represented as 00010010. The 
hours counter, however, utilizes its upper bits for AM/PM 
designation and 12/24-hour selection. Moreover, bit 7 in the 
months counter Is set by the user to Indicate leap year. All of 
these bits must be set as required in addition to the BCD 
hour and month information. For example, if 4 PM is written 
to the hours counter, a BCD code of 00000100 for the hours 
plus a 1 in bits 6 and 7 to enable PM and 12-hour operation 
would require a data byte of 11000100 (Hex C4). 

Procedure to Set the Time 

1. Chip selected and address 7 present on the address lines 
to access the control register. 

2. Write to control register with the required data byte. Bit 3 
must be set to zero. 

3. Use addresses 2 to 6 to access seconds-to-months 
counters, in any order, and load appropriate data byte. 
(BCD data plus bits 6 and 7 In hours counter and bit 7 in 
month counter.) 

4. Writing to the seconds counter resets the last 7 stages of 
the prescaler, thereby setting an accuracy of 10 millisec¬ 
onds. 

Setting the Alarm 

Figure 24 shows the alarm logic. As previously described, bit 
3 in the control register must be a 1 to direct subsequent 
data to the alarm latches. A comparator circuit compares the 
time and alarm latch seconds, minutes, and hour outputs. 
When this comparison is true and bit 3 In the control register 
is set to 1, an alarm is generated that activates the interrupt- 
out pin and sets bit 7 In the status register to a high logic 
level. The two most significant bits in the hours time counter 
are used for an AM/PM indication (User set for AM or PM 
with subsequent toggling every 12 hours) and to set 12/24- 
out operation. 

If bit 6, the 12/24-hour control bit, is set to zero (24-hours), a 
match of bit 7 (AM/PM) between the hours time counter and 
alarm latch is not required to generate a true comparison. 
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FIGURE 24. ALARM LOGIC 


When an alarm occurs, there is a delay of 30 microseconds 
before the alarm bit is set in the status register. The inter¬ 
rupt-out pin signal is also delayed for this period. Addition¬ 
ally. if a clock out was selected that also activates the 
interrupt-out in coincidence with the alarm-out signal (for 
example, clock-out set for one second and any alarm-time 
set), the status register will indicate a clock-out transition (bit 
6 * 1) 30 microseconds before bit 7 is set to 1 in the status 
register. 


change in operating power. The interrupt output will go low if 
an alarm or clock transition (internal clock transition) occurs 
after power down has been initiated. An application using 
the power-down feature to control a microprocessor’s clock 
signal is illustrated in Figure 26. This application is especially 
appealing in a CMOS circuit design where only quiescent 
current will be drawn when the processor’s clock input is dis¬ 
abled. 


Resetting the Interrupt-Out Signal and Status Register 

There are two methods of resetting the interrupt-out signal 
and status register once an alarm or clock-out transition has 
occurred. 

Reset Pin (Schmitt input) 

A low on the reset pin will accomplish the following: 

1. Set the Interrupt-out pin high. 

2. Clear the status register. 

3. Place 30 Hex in the hour alarm latch. This entry will pre¬ 
vent an inadvertent interrupt when programming the time. 



TO POWER 
DOWN CONTROL 


Controi Register Write 

Writing to the control register sets the Interrupt-out high and 
clears the status register. 

Power-Down Operation 

Figure 25 shows power-down input-control logic. A low on 
the power-down pin (Schmitt Input) activates the real-time- 
clock’s power-down function. This function is enabled at the 
trailing edge of a read or write signal and. therefore, power 
down will not occur until the read or write cycle is concluded. 

When power down is activated, the following events occur: 

1. Read and write controi signals and disabled. 

2. The data bus is placed in an input condition and logic 
transitions are ignored. (Therefore, the bus must be ter¬ 
minated.) 

3. The clock-out signal is set low. 

4. The Interrupt-out pin is tri-stated. 


FIGURE 25. POWER-DOWN INPUT-CONTROL LOGIC 

In an operational sequence utilizing the circuitry of Figure 
26, the serial Q output of the CPU Is activated after the clock 
is configured with an alarm time. The oscillator then stops 
and the device enters Jhe power-down mode. When the 
alarm activat es an d the INT output Is set low, the CPU resets 
and polls the EF1 flag to determine whether a cold or warm 
start routine is in order. The control register is then written to, 
an event that resets the interrupt requests. 

Any general-purpose microprocessor can utilize the low 
operating power of the real-time clock. Typical operating cur¬ 
rent with a crystal-controlled oscillator at 32kHz and 5V is 
100 microamperes, and at 4MHz, 600 microamperes. The 
trade-off between high frequency and accuracy and low-fre¬ 
quency operation with lower power consumption must be 
resolved by the user. The ease of programming and the fea¬ 
tures offered by the real-time clock aid the designer and 
lower the level of programmed support required. 


The clock continues to keep time and there Is no appreciable 
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FIGURE 26. APPLICATION OF REAL-TIME CLOCK THAT USES 
POWER-DOWN FEATURE TO CONTROL A 
MICROPROCESSOR’S CLOCK SIGNAL 


Power Considerations 

The CDP1879 power requirements are shown in Table 3. 
The values listed are maximum limits with a Vqq of i5% and 
a temperature range of -40 to 85°C. 

Table 4 shows output drive capabilities under the same 
conditions. All inputs must meet CMOS requirements with a 
minimum high of 3.5V and a maximum low of 1.5V at a VDD 
of 5V. 

Standby Operation (Low Voltage) 

When utilizing an external crystal with its on-board oscillator 
as the frequency source, the CDP1879 and CDP1879C1 
can operate at a supply voltage no lower than 4 volts. 
However, If a 32-kHz external frequency source Is provided 
at the XTAL input pin, the clock can operate in a standby 
mode down to 2.5 volts at 0 to 70°C, and 3 volts at -40 to 
+85°C. Figure 27 shows the typical minimum standby 
voltage. Figure 28 shows that the real-time clock must be 
disabled by CS (chip-select signal) a minimum of 2 
microseconds before reaching the standby voltage level, and 
enabled again after the same period of time then the voltage 
is raised again. 

When the clock is in the standby mode, it functions only as a 
timekeeping device; all read/write data accesses are 
disallowed. 


TABLE 3. POWER REQUIREMENTS OF THE REAL-TIME CLOCK 




POWER-SUPPLY VOLTAGE 


MODE 

INPUT FREQUENCY 

5V 

10V 

UNITS 

Operating current with 

32 kHz* 

0.25 

- 

milliamperes 

crystal oscillator 

1 MHz 

0.5 

3.0 



2MHz 

0.6 

3.5 



4MHz 

0.8 

5.0 


Operating current with 

32kHz 

0.15 

0.25 

milliamperes 

external clock source 

1MHz 

1.0 

2.0 



2MHz 

1.5 

3.0 



4MHz 

2.0 

4.5 



‘CDP1879C1 only 


TABLE 4. OUTPUT DRIVE CAPABILITIES 


POWER-SUPPLY VOLTAGE 

5V 

10V 

UNITS 

Data-but and interrupt-out drive 
(Sink) 

1.8 

3.6 

milliamperes 

(Source) 

-1.10 

-2.6 


Clock Out (Sink) 

0.6 

1.2 

milliamperes 

(Source) 

-1.1 

-2.6 
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TYPICAL MINIMUM TIMEKEEPING 
(STBY) VOLTAGE 

32.768 KHZ EXTERNAL CLOCK 

__ \ _ 1 _ 





















GUARInTED TIMEKEEpIg 




VULTAQb 

-40'’C<T<85‘>C VDD = 
0°C<T<70'C VDD 

_ 1 _^_ 1 

3V 
= 2.5 V 


-40 -20 0 20 40 60 80 

TEMPERATURE (^C) 


FIGURE 27. TYPICAL MINIMUM STANDBY VOLTAGE 


Oscillator Operation 

The CDP1 879 operates with a crystal connected to its XTAL 
and XTAL inputs, or accepts an external clock source at its 
XTAL input that has a rise and fall time of less that 10 micro¬ 
seconds. Typical oscillator parameters are listed in Table 5; 
suggested circuits are described in Figures 29 through 32. 


Y* -STBY VOLTAGE-► 

JOSSVqq mode 0.95 Vdd / 


Kt VSTBY 


(a) 

standby Characteristics - Full Standby Temperature Range 


CDP1879 


CHARACTERISTIC 


Chip deselect to stby voltage time tg^sTBY) 


Recovery to normal operation time tpc 



(STBY) MIN MAX MIN MAX UNITS 


2.5,3 


2.5,3 


2.5,3 


2.5,3 


(b) 

FIGURE 28. STANDBY-VOLTAGE WAVEFORMS AND TIMING DIAGRAM (a), AND CHARACTERISTICS (b). 



EXTERNAL 

-FREQUENCY 

PIN 23 SOURCE 


XTAL 

PIN23 

f 

RfS 

32KHZ 


< RS 

1 AAA 

CRYSTAL 

IHI 

XTAL 

CL 

•T U J 

ico I 


FIGURE 29. CONNECTIONS FOR CDP1879 WHEN AN EXTER- FIGURE 30. SUGGESTED OSCILLATOR CIRCUIT FOR 32kHz 


NAL FREQUENCY SIGNAL IS SUPPLIED 


CRYSTAL OPERATION 


C DP 1879 

XTAL I PIN 23 


PARALLEL RESONANT 
CRYSTAL 



1/3 CD54/74HC04 


FIGURE 31. SUGGESTED OSCILLATOR CIRCUIT FOR 1,2, OR FIGURE 32. TYPICAL EXTERNAL-CLOCK-SOURCE DIAGRAM 
4-MHz OPERATION 
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Design Considerations for a Stabie Crystai Osciiiator 

1. Stray capacitance should be minimized for best oscillator 
performance. Circuit-board traces connected to the oscil¬ 
lator pins should be kept to a maximum of 1 inch, and 
there should be no parallel traces. 

2. A signal or power-source line must not cross or approach 
the oscillator-circuit line. 

3. It is advisable to put a nonelectrolytic 0.1-microfarad 
capacitor between Vqd and Vss of the CDP1879. 

Real-Time-Clock System 

Figure 33 Illustrates a working system In which the CDP1879 
is configured for I/O operation to display time in minutes and 
hours. Figure 34 shows the real-time-clock flowchart. A 
CDP1802 processor outputs instructions and data in a two- 
level device-selection scheme. An output instruction of OUT 
1 (Hex 61) activates the processors N lines, and is decoded 
by the CDP1873C to provide a chip-select signal to the 
CDP1875C output port. The data present on the data bus 
during the output instruction is latched in the CDP1875C and 
provides the chip-select signal for the clock or the 
CD22105A LCD driver. 


If no other OUT 1 instruction with different bus data is issued 
by the processor, the device will remain selected. Subse¬ 
quent output and input instructions will then address the 
clock. If it is selected, to read or write to Its registers. When 
the LCD driver is selected, the processor’s OUT 2 Instruc¬ 
tions load the driver with the display information. 

The backplane signal from the LCD driver is input to one of 
the processor’s flag lines, and Is sampled to flash the colon 
by placing the colon input, via the processor’s Q line, in or 
out of phase with the backplane signal. The CDP1879’s 
clock-out signal is set for one second, and drives the proces¬ 
sor’s Interrupt to turn the display colon off. A routine In the 
main program turns the colon on when the interrupt is not 
present. 

A sample program that illustrates the CDP1879’s clock-out 
signal and alarm capability is listed In Figure 35. The alarm 
routine is written to flash eights when the alarm activates. 
The clock will continue to keep time and will display it along 
with the alarm display. 

Reference 

“CMOS Real-Time Clock,* CDP1879/CDP1879C-1, Harris Data 
Sheet, File No. 1360 


TABLE 5. TYPICAL OSCILLATOR-CIRCUIT PARAMETERS FOR SUGGESTED OSCILLATOR CIRCUITS 
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FIGURE 34. REAL-TIME-CLOCK FLOWCHART 
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... PROGRAM DISPLAYS 8:30 A.M 

AND FLASHES 


... 8'S AND TIME WHEN ALARM ACTIVATES 


... AT 8:31:10. 



... INTERRUPT ON PROCESSOR CONNECTS TO 1 SEC. 

... CLOCK OUT ON CDP1879. EF2 CONNECTS TO 
.. BACKPLANE SIGNAL ON LCD DRIVER. 

- INTERRUPT ROUTINE IS USED TO TURN COLON OFF 
... BY SAMPLING EF2 AND TOGGLING Q. 

... TWO LEVEL I/O IS USED FOR SELECTION 

... CLOCK IS SELECTED WITH 61 10 

... LCD DRIVER IS SELECTED WITH 61 80, 

. AND 62 INSTRUCTIONS LOAD DRIVER AFTER SELECTION 


DIS: DCOOH 

LDI A 1 (ENTER) :PHI R1 

SET interrupt POINTER 


LDI AO (ENTER) :PLO R1 

OUT 1; DC010H 

SELECT CLOCK 


OUT 7; DC 003H 

LOAD C.R. 


OUT 2: DC OOOH 

ZERO SECONDS 


OUT 3; DC 030H 

30 MINUTES 


OUT 4; DC 048H 

.8AM. 


OUT 7, DC OOBH 

. SELECT ALARM LATCH 


OUT2;DC010H 

10 SEC. ALARM 


OUT 3; DC 031H 

. 31 MIN. ALARM 


OUT 4, DC 048H 

8 A.M. ALARM 


OUT 7; DC OCFH 

. ONE SEC. CLOCK 
. ALARM ACTIVATES 1 MIN. 

10 SEC. AFTER START 

INPUT 

SEXO: OUTI.DCOlOH 

. SELECT CLOCK 


LDI A.1 (MIN), PHI R8 

LDI A.O (MIN); PLO R8 

SEX 8 

INP 3: PLO R7 

. INP MINUTES 


ANI OFH 

MASK UPPER 


STXD: GLO R7 

. STR LOW MIN 


ANI OFOH 

SHR:SHR:SHR:SHR 

. MASK LOWER 


ADI 010H: STXD 

. ADD CHAR. POS. 


INP 4; PLO R7 

. INPUT HOURS 


ANI OFH 

MASK UPPER 


ADI 020H: STXD 

ADD CHAR POS. 


GLO R7: ANI 030H 

. MASK 6 BITS 


BNZHR 

CHECK FOR 0 HRS 


LDI 03FH: STR R8 

BR OUT 

. STR BLANK HRS 

HR 

SHR:SHR:SHR:SHR 

ADI 030H 

STR R8 

ADD CHAR. POS. 

OUT 

SEXO 

OUT1;DC080H 

SEX 8 

SELECT LCD DRIVER 


OUT 2; OUT 2; OUT 2; OUT 2 
SEXO 

LOAD DRIVER 


RET; DC OOH 

ENABLE INT TO SAMPLE CLOCK OUT 


DIS; DC OOH 

OUT 1, DC010H 

. ISABLE INT 


SEX 8 

INP 7; XRI OCOH 

. READ STATUS REG 


BX ALARM 

. FOR ALARM 

CHK 

B2 ON 

REQ, BR INPUT 

COLON ON 

ON 

SEQ 

BR INPUT 

.. REPEAT 

ALARM 

LDI A.1 (MIN); PHI R8 

LDI A.O (MIN); PLO R8 

LDI 008H; STXD 

. LEAD 8'S INTO 


LDI 018H; STXD 

LDI 028H; STXD 

LDI 038H; STR R8 

SEX 0; OUT 1; DE 080H; SEX 8 
OUT 2: OUT 2, OUT 2, OUT 2 

BR CHK 

. LCD DRIVER 

BACK 

SEP RO 

. RETURN MAIN 

ENTER 

B2 OFF 

. ENTER POINT FOR 


SEQ 

. INTERRUPT ROUTINE 


BR SET 

.. COLON OFF 

OFF 

REQ 


SET 

LDI A.1 (INPUT): PHI RO 

LDI A.O (INPUT): PLO RO 

BR BACK 

.. RESET P.C. 

HOURS 

DS3 


MIN 

DS1 



FIGURE 35. REAL-TIME-CLOCK PROGRAM 


7-87 


APPLICATION 

NOTES 







Harris Semiconductor 



No. 7374 February 1992 


Harris Digital 


THE CDP1871A KEYBOARD ENCODER 

Author: D. Derkach 


The CDP1871A Keyboard Encoder^ Interfaces directly 
between a CDP1800-series (or other) processor and a 
mechanical keyboard array. It services up to 53 ASCII-coded 
keys and up to 32 Hex-coded keys. This note describes the 
encoder’s operation, explains its dynamic electrical 
characteristics, and features those factors that will affect 
device operation when the encoder Is used with a non- 
1800-serles processor. 

Operation 

The CDP 1871A is made up of two major sections: the 
counter/scan-selection logic and the control logic. Figure 1 
shows a block diagram of the device. Figure 2 the terminal 
diagram, and Figure 3 the control schematic; the Appendix 
contains operational information as well as recommended 
operating conditions and electrical characteristics. 

The counter and scan-selection logic scans the keyboard 
array using the drive lines (D1 - Dll) and the sense lines 
(SI - S8). The outputs of the internal five stage scan counter 


are conditionally encoded by the ALPHA, SHIFT, and 
CONTROL inputs. Appendix Table A-1, and are used to 
drive the D1 - D11 output lines high, one at a time. Each D1 
-Dll output may drive up to eight keys, which are sampled 
by the sense-line inputs (SI - S8). The SI - S8 inputs are 
enabled by the Internal three stage scan counter. 

The control logic interfaces with the CDP1800-series I/O and 
timing signals to establish timing and status conditions for 
the CDP1871A. 

The TPB input clocks the scan counters, and is also used to 
reset the data available output (DA). When a valid keydown 
condition Is detected on a sense line, the control logic 
inhibits the clock to the scan counters on the next low-to- 
high transition of TPB, and the DA output is set low. The 
scan-counter outputs (Cl - C8) represent the ASCII and 
HEX key codes (Appendix Table A-2), and are used to drive 
the BUS 0 - BUS 7 outputs, which interface directly to the 
CDP1800-serles data bus. 
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The BUS 0 - BUS 7 outputs, which are normally tristated, are 
enabled by decoding the CS inputs during a CPU input 
instruction. The low-to-high transition of TPB during the input 
instruction resets the DA output high. Once the DA output 
has been reset, it cannot go low again until the present key 
is released and a new keydown condition is detected. (This 
arrangement prevents unwanted repeated keycode outputs, 
which may be caused by fast software routines.) 

After the depressed key is released and the debounce delay 
(determined by Ry, Cx) has occurred, the scan clock inhibit 
is removed, allowing the scan counters to advance on the 
following high-to-low transitions of TPB. This condition 
provides an N-key lockout feature, which prevents the entry 
of erroneous codes when two or more keys are pressed 
simultaneously. The first key pressed in the scanning order is 
recognized, while all other keys pressed are ignored until the 
first key is released and read by the CPU, at which time the 
next key pressed in the scanning order is detected. 

If the first key r^emains closed after the CPU reads the data 
and resets the DA output ( on th e low-to-high transition of the 
TPB), an auxiliary signal (RPT) is generated. This signal is 
avail able t o the CPU, and indicates an auto-repeat condition. 
The RPT output is reset high at the end of the debounce 
delay after the depressed key is released. 

The debounce input (pin 36) provides a terminal connection 
for an external user-selected RC circuit designed to 
eliminate detection of a keydown condition caused by 
keyboard noise. The operation of the debounce circuit is 
explained below with the aid of Figures 1 and 3. 

When a valid keydown is detected, the on chip active-resis¬ 
tor device (Rn) is enabled, and the external capacitor (Cy) is 
discharged, providing a key closure debounce time of 
approximately RnCx- The discharge of Cx is sensed by the 
Schmitt trigger inverter, which clocks the DA flip-flop 
(latching the DA output low and inhibiting the scan clock). 
(The DA flip-flop Is reset by the low-to-high transition of TPB 
when the CS inputs are enabled.) 

When a valid key release is detected, R^ is disabled and Cx 
begins charging through the external resistor (Rx), providing 
a key release debounce time of approximately RxCx- The 
change in charge is, again, sensed by the Schmitt trigger 
inverter, enabling the scan clock to continue on the next 
hIgh-to-low transitions of TPB, after the current keycode data 
is read by the CPU. 

Functions of Terminals 
D1 - Dll (Outputs) 

Drive lines for the 11 x 8 keyboard switch matrix. These 
outputs are connected through the external switch matrix to 
the sense lines (SI - S8). 

SI - S8 (Inputs) 

Sense lines for the 11 x 8 keyboard matrix. These inputs 
have internal pull-down resistors, and are driven high by the 
drive line when a keyboard switch is closed. 

CST, CS2, CS3, CS4 (Inputs) 

Chip-select inputs, which are used to enable the tristate data 
bus outputs (BU^ - BUS 7),and to enable the resetting of 
the status flag (DA) on the low-to-high transition of TPB. 


These four inputs are n ormally connected to the N-lines 
(NO - N2) and MRD output of the CDP 1800-series 
microprocessor. 

BUS 0 - BUS 7 (Outputs) 

Tristate data bus outputs that provide the ASCII and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUS 0 - BUS 7 terminals of the 
CDP1800-series microprocessor. 

DA (Output) 

The data available output flag, which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the CDP1871A . 
This output Is normally connected to a flag input (EF1 - EF4) 
of the CDP1800-series microprocessor. 

TPB (Input) 

The Input clock used to drive the scan generator and reset 
the status flag (DA). This Input is normally connected to the 
TPB output of the CDP1800-series microprocessor. 

RPT (Output) 

The repeat-output flag used to Indicate that a key Is still 
closed after data has been read from the CDP1871A (DA 
high). It remains low as long as the key is closed, and is 
used for an autorepeat function, under CPU control. This 
output is normally connected to a flag input (EF1 - EF4) of 
the CDP1800-serles microprocessor. 

Debounce (Input) 

This input is connected to the junction of an external resistor 
to Vdd and an external capacitor to Vss- It provides a 
debounce time delay (t = RC) after the release of a key. The 
external pull-up resistor Is required under all circumstances. 

Alpha, Shift, Control (Inputs) 

A high on the shift or control input will be internally latched 
(after the debounce time), and the drive and sense line 
decoding will be modified as shown in Appendix Table A-1. 
These Inputs are normally connected to the keyboard, but 
produce no code by themselves. The shift and control inputs 
have internal pull-down resistors to simplify use with 
momentary-contact switches. The alpha input is not latched 
and Is designed to provide an alpha-lock function when used 
with a standard SPDT switch. When alpha = 1, the drive and 
sense line decoding will be modified as shown In Appendix 
Table A-1. 

Vdd. Vss 

Vqq is the positive supply voltage Input. Vss ‘s the most 
negative supply voltage terminal, and is normally connected 
to ground. All outputs swing from Vss ^dD' 
recommended input-voltage swing is also from Vss to Vqq. 

Figure 4 shows a CDP1800-series processor operating in its 
I/O mapped mode with the keyboard encoder. 
CDP1800-serles processors have fourteen I/O instructions 
and three dedicated output lines (NO - N2) that are used 
for I/O functions. The N lines are toggled when the I/O 
instructions are used; otherwise, they remain at a low level. 

Unlike memory-mapping, when the processor outputs 
and inputs data, the memory is the source of the system 
data when the input or output Instructions are executed. 
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For example, an input instruction writes data to the memory 
and the processor; therefore, the read line remains high 
while the write line goes low. An output instruction outputs 
data from the memory. In this case, the read line goes low 
and the write line remains high. 

An important input to the encoder is the TPB signal. This 
timing signal occurs at the end of the machine cycle of a 
CDP1800-series processor and is used to clock the 
encoder’s scan counter. It also resets the data available 


signal when the encoder Is selected. It is synchronous In that 
it must not toggle when the chip is selected and data is being 
read from the encoder. 

The TPB signal Is used to strobe data into a peripheral. Note 
in Figure 4 that the read line is used in addition to the N lines 
to select the encode; therefore, the only time the encoder will 
drive the data bus is when the proper input instruction is 
executed. The encoder is not selected until the N lines are at 
the required levels and the read line is high. When a key 
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closure is detected by the CDP1871A, the data available 
signal is activated; the processor is alerted by sensing its EF 
flag input. The processor then performs an input instruction 
to capture the key data. 

Dynamic Electrical Characteristics 

The dynamic electrical characteristics of the CDP1871A are 
shown in Table 1. and the timing diagrams in Figure 5. The 
clock cycle time, the first entry, A, Table 1, and curve 1 In the 
timing diagram of Figure 5, TPB, define the high and low lim¬ 
its of the clock cycle as tec + *cwh + ^cwl- TPB must remain 
high for at least 100 nanoseconds (B). The low portion of the 
clock cycle (tcwi) consists of tco^ (E) and the keyboard 
capacitance. This parameter is selected to allow the TPB 
clock pulse time to ripple through the scan counters. The 
maximum frequency of TPB is 400kHz at 5 volts Vdd and 
800kHz at 10 volts Vqd- 

Table parameters C and D and curve 3 define the data 
available valid and invalid (reset) delays. The delays are 
measured from the leading edge of the TPB signal. The valid 
delay signal Is activated on the first TPB signal after the 
leading edge debounce time when a key closure is detected, 
and returns high when the encoder Is selected on the low-to- 
high transition of TPB. The valid data out delay and hold 

TABLE 1. DYNAMIC ELECTRICAL 


times from chip select are shown in table entries F, G and 
curve 8. The final parameters, H and J, refer to the repeat 
signal set and reset level delays measured from the leading 
edge of the TPB; curve 10, Figure 6. 

Note in Figure 5 that the action starts when a key closure Is 
sensed by the encoder; curve 2. On the next low-to-high 
transition of TPB, the debounce time of RnCx occurs as Cx 
discharges through the transistor and the Schmitt trigger 
clocks the data available flip-flop; curve 3. The Rn value of 
the transistor is about 200 ohms, so that, with an external 
capacitor of 0.1 micro farads, a 20 microsecond delay can be 
expected. The key release trailing edge debounce time is 
calculated from the values of the external capacitor and 
resistor (Rx, Cx). With a 0.1 microfarad capacitor and a 100 
kilohm resistor, the debounce time will be 10 milliseconds. 

Once the data available signal has been reset (chip selected 
and TPB high), the scan counter operates again on the next 
trailing edge of TPB, curve 6, and table parameter E. Note in 
Figure 6 that the repeat signal is activated when the data 
available signal is reset high while the key is still closed; 
curves 9 and 10. The repeat signal Is reset after the 
debounce time on the next leading edge of the TPB signal 
when the key is no longer closed. 

CHARACTERISTICS OF THE CD1871A 


CHARACTERISTIC 


Clock Cycle Time 

A 

Clock Pulse Width High 

B 

Data Available Valid Delay 

C 

Data Available Invalid Delay 

D 

Scan Count Delay (Non-Repeat) 

E 

Data Out Valid Delay 

F 

Data Out Hold Time 

G 

Repeat Valid Delay 

H 

Repeat Invalid Delay 

J 




•Typical Values are for T>^ = +25°C and Nominal Vqd NOTE: 

1. tcc = tpvvH + fcwL» kjWL = fcDi + K, k = 0.9 per pF of keytx)ard 
capacitance 
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Use With Other Processors 

Although the keyboard encoder has been designed to 
operate with CDP18CX)-series processors, it can be used 
with other processors if certain precautions are followed. 

The encoder is designed as an I/O port; it is not intended to 
operate with its chip selects active at all times, if this feature 
is desired, connect an external Schmitt trigger to the 
debounce pin and place a tristate latch on the data bus. 

The most likely use of the CDP1871A will be as an I/O port, 
and the concern here is the synchronization of the TPB 
input. The TPB must be held high when the chip selects are 
active to reset the data available signal. If the TPB is allowed 
to toggle with the chip selected before it is read, it can hold 
the data available flip-flop in reset continuously, and can 
clock the scan counter. 

Figure 7 shows the encoder connected to a CDP6805 
processor. It can interface directly in this arrangement since 
the DS output from the CDP6805 is similar to the timing of 
the TPB timing signal of the CDP1800. However, in a SMHz 
system. DS occurs every microsecond, too fast for the 
encoder’s requirement of a TPB input less than 400kHz at 5 
volts. If a divider is used to lower the TPB input, synchroniza¬ 
tion will be lost. A way around this problem is to use a NAND 
gate in front of the TPB Input and to have one of its inputs 
tied to the active-low chip select; Figure 8. Then, when the 
CDP1871A is selected, the TPB input will be forced high and 
TPB will only toggle again after the encoder Is read and the 
chip select signal is again false. 


CDP1873 

DECODER 


CDP1873 

DECODER 



FIGURE 7. APPLICATION OF THE CDP1871A AND CDP6805 
PROCESSOR 



ASYNCHRONOUS 

CLOCK 


FIGURE 9. METHOD OF ASSURING THAT TPB REMAINS HIGH 
DURING CDP1871A SELECT TIMES 

The keyboard encoder can be used to advantage with 
another popular processor, the 8085. Figure 10 shows a 
circuit that Interfaces the two devices with an OR gate and a 
NAND gate. In this circuit, the only time the encoder can 
drive the data bus is when it is selected and the read signal 
is active. Since there is no DS equivalent in the 8085 proces¬ 
sor, the additional device shown in the figure Is needed. 


DECODER 

CDP1873 



FIGURE 10. A CDP1871A/CDP6805 INTERFACE EMPLOYING 
AN OR AND A NAND GATE 

Figure 11 shows the encoder connected to the 6502 
processor. The timing for this part Is similar to that for the 
CDP6805, and the same concerns apply. 


FIGURE 8. CIRCUIT FOR PREVENTING LOSS OF SYNCHRO¬ 
NIZATION IN CDP1871A/CDP6805 INTERFACE 

Note that DS enables the decoder, so that during the time 
that the processor is placing its low address on the data bus, 
the CDP1871A is disabled. If an asynchronous clock is used 
for the TPB input, as shown In Figure 9, the NAND gate can 
be used to assure that TPB remains high during the 
CDP1871A select times. 
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FIGURE 11. A CDP1871A/CDP6502 INTERFACE 
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Reference 


1 . “CMOS Keyboard Encoder, CD1871 A,” RCA Solid State File No. 
1374. (The CDP1871A comes In two versions: CDP1871A and 
CDP1871AC. The two are Identical except for recommended 

operating voltage range: 4 to 10.5 volts for the A version, and 4 
to 6.5 volts for the AC version.) 

Appendix 


TABLE A-1. DRIVE AND SENSE LINE KEYBOARD CONNECTIONS^ 


DRIVE LINES 


D7 Dat Dat D^ot D„t 


Spac 6 I 80 ^$ I 88^0 I 90 ^e I 8815 


8116 89i6 9116 99i6 


R I Z I Z I Une 82 i6 8 Ai 6 92i6 9Ai 6 
Feed 



Escape | 83i6 | 8 B 16 93i6 9Bi6 


SHIFT* 

ALPHA* 

NORMAL 

CONTROL* 


^CONTROL Overrides SHIFT and ALPHA 
m = No Response 


8^16 8C16 94i6 9Ci6 


Carriage 85i6 8 D 16 95i6 9Di6 

Return 


8616 8E16 96 i 6 9 Ei 6 


Delete 87i6 8 F 16 97i6 9Fi6 


t Showing ASCII outputs for all combinations with and without 
SHIFT, ALPHA LOCK and CONTROL 

t Drive lines 8 , 9,10 and 11 generate non-ASCII hex values which 
can be used for special codes. 
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TABLE A-2. HEXADECIMAL VALUES OF ASCII CHARACTERS 


MSD 


0 0 0 0 
0 0 11 




NUL 

DLE 

SOH 

DC1 

STX 

DC2 

ETX 

DC3 

EOT 

DC4 

ENQ 

NAK 

ACK 

SYN 

BEL 

ETB 

BS 

CAN 

HT 

EM 

LF 

SUB 

VT 

ESC 

FF 

FS 

CR 

GS 

SO 

RS 

SI 

US 


0 

0 

1 

1 

1 

1 

1 

0 

0 

1 

0 

1 

0 

1 

0 

2 

3 

■ 

5 

6 

SP 

0 


CL 

\ 

I 

1 

A 

Q 

a 

- 

2 

B 

R 

b 

# 

3 

C 

S 

c 

$ 

4 

D 

T 

d 

% 

5 

E 

U 

e 

& 

6 

F 

V 

f 

/ 

7 

G 

w 

g 

{ 

8 

H 

mm 

h 

) 

9 

1 

Y 

1 

* 


J 

Z 

] 

+ 

; 

K 

1 

■1 

. 

< 

L 

\ 

1 

_ 

= 

M 

] 

m 

. 

> 

N 

T 

n 

/ 

? 

0 

- 

0 


TABLE A-3. RECOMMENDED OPERATING CONDITIONS AT Ta =-40®C to+85®C 
For Maximum Reliability, Operating Conditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


Supply Voltage Range 


Recommended Input Voltage Range 



Clock Input Frequency, TPB 

^CL 

5 

DC 

0.4 

DC 

0.4 

MHz 

(Keyboard Capacitance = 200pF) 


10 

DC 

0.8 

- 

- 



*D in suffix indicates ceramic package; E indicates plastic package. 
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TABLE A-4. STATIC ELECTRICAL CHARACTERISTICS at = -40°C to +85°C, Except as Noted 


CHARACTERISTICS 


Quiescent Device Current 


Output Low Drive (Sink) Current 
(except debounce and D1 - D11) 



Input Leakage Current 
(except SI - S8, Shift, Control) 


3-State Output Leakage Current 


Pull-Down Resistor Value 
(SI - S8, Shift, Control) 


Operating Current 
(All outputs unloaded) 


fcL = 0.4MHz 


fcL = 0.8MHz 


Typical values are for Ta = +25°C and nominal Vdd* 
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Introduction 

Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s 
market. It also includes anticipating and accepting the 
challenges of the future. It results from a process of 
continuing improvement and evolution, with perfection as 
the constant goal. 

Harris Semiconductor’s commitment to supply only top 
value integrated circuits has made quality improvement a 
mandate for every person in our work force — from circuit 
designer to manufacturing operator, from hourly employee 
to corporate executive. Price is no longer the only 
determinant In marketplace competition. Quality, reliability, 
and performance enjoy significantly increased importance 
as measures of value in integrated circuits. 

Quality in integrated circuits cannot be added on or 
considered after the fact. It begins with the development of 
capable process technology and product design. It 
continues in manufacturing, through effective controls at 
each process or step. It culminates in the delivery of 
products which meet or exceed the expectations of the 
customer. 


The Role of The Quality Organization 

The emphasis on building quality into the design and 
manufacturing processes of a product has resulted in a 
significant refocus of the role of the Quality organization. In 
addition to facilitating the development of SPC and DQX 
programs and working with manufacturing to establish 
control charts. Quality professionals are involved in the 
measurement of equipment capability, standardization of 
inspection equipment and processes, procedures for 
chemical controls, analysis of inspection data and feedback 
to the manufacturing areas, coordination of efforts for 
process and product improvement, optimization of 
environmental or raw materials quality, and the 
development of quality improvement programs with 
vendors. 

At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization’s role is 
changing from policing quality to leadership and 
coordination of quality programs or procedures through 
auditing, sampling, consulting, and managing Quality 
Improvement projects. 

To support specific market requirements, or to ensure 
conformance to military or customer specifications, the 
Quality organization still performs many of the conventional 
quality functions (e.g., group testing for military products or 
wafer lot acceptance). But, true to the philosophy that 
quality is everyone’s job, much of the traditional on-line 
measurement and control of quality characteristics is where 
it belongs — with the people who make the product. The 


Quality organization is there to provide leadership and 
assistance in the deployment of quality techniques, and to 
monitor progress. 

The Improvement Process 


I 

IMPACT ON 
PRODUCT 
QUALITY 


STAGE I 


PRODUCT 

SCREENING 


STAGE II 



STAGE IV 

PRODUCT 

OPTIMIZATION 

STAGE III 


PROCESS 

OPTIMIZATION 


PROCESS 

CONTROL 


SOPHISTICATION OF 
QUAUTY TECHNOLOGY 


FIGURE 1. OF STATISTICAL QUALITY TECHNOLOGY 

Harris Semiconductor’s quality methodology is evolving 
through the stages shown in Figure 1. In 1981 we 
embarked on a program to move beyond Stage I, and we 
are currently in the transition from Stage II to Stage III, as 
more and more of our people become involved in quality 
activities. The traditional “quality” tasks of screening, 
inspection, and testing are being replaced by more effective 
and efficient methods, putting new tools into the hands of all 
employees. Table 1 illustrates how our quality systems are 
changing to meet today’s needs. 


Harris Standard Flows 

Harris Semiconductor offers a variety of standard product 
flows which cover the myriad of application environments 
our customers experience. These flows run the gamut of 
low cost commercial parts to fully qualified JAN 
microcircuits. All of these grades have one thing in 
common. They result from meticulous attention to quality, 
starting with design decisions made during product 
development and ending with the labeling of shipping 
containers for delivery to our customers. The standard flows 
offered are: 


Commercial: Electrical performance guaranteed from 
OOC to +70OC 

/883: Mil-Std-883 - compliant product: contact 
the factory or local Harris Sales Office 
for details on availability and specifications 

Details of the individual process requirements are 
contained in the flow charts on the following pages. 
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Harris Semiconductor Standard Processing Fiows 
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TEMP 

PROBE TEST 
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PREPARATION 
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VISUAL 
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METHOD 2010, 
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WITH QA INSPECT 


DIE ATTACH 
CONTROL 


WIRE BOND 
CONTROL 


ALL PRE-SEAL 
OPERATIONS 
IN CLASS 100 


ADDITIONALLY 

AVAILABLE 


100%NONDESTRUCT 
BOND PULL 


ASSEMBLY (1) 

OPERATION 
QA MONITOR 

SILVER GLASS DISPERSAL 
MOUNT 

SILVER GLASS BAKE 
SILVER GLASS CURE 
SILVER GLASS FIRE 
- ★ QA DIE ATTACH 
CONTROL 
WIRE BOND 
-★ QA WIRE BOND 
CONTROL 
PRESEAL CLEAN 
PRESEAL INSPECT 


- ★ QA PRESEAL INSPECT 


A CSI INSPECT 


PACKAGE SEALING 
STABILIZATION BAKE 
TEMPERATURE CYCLE 
(CYCLES) 

CENTRIFUGE 
TIN PLATING/SOLDER DIP 
- ★ QA LEAD FINISH 
INSPECT 

FINE LEAK TEST 
GROSS LEAK TEST 


AS APPLICABLE 
YES 


WHEN REQUIRED 


AS APPLICABLE 
PER 

MIL-STD-883 
METHOD 2010, 
CONDITION B 
YES 

WHEN REQUIRED 


AS APPLICABLE 


PINDTEST100%20G 


METHOD 2010 
CONDITION A 


PINDTEST100%10G 
FRAME REMOVAL 
LOAD SHIPPING TUBES 

- ★ QA FINAL INSPECT 

- ★ QA DOCUMENTATION 

INSPECT 


AS APPLICABLE 


AS APPLICABLE 


(1) Example for a PGA Package Part 
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Harris Semiconductor Standard Processing Fiows (Continued) 


AC/DC SINGLE 
INSERTION TEST 
CAPABILITY; 
HIGH/LOW TEMP 


QUALITY 
CONFORMANCE 
BY MIL-STD-883 
METHOD 5005, 
GROUPS A, B,C 
AND DAS REQUIRED 

DELTAS PER 
SLASH SHEET 
REQUIREMENT 
IF APPLICABLE 

IN HOUSE PACKAGE 
MOISTURE MONITOR 
CAPABILITY 


COMPUTERIZED LOT 
TRACEABILITY 
MONITORING SYSTEM 


■ OPERATION 
★ QA MONITOR 


ELECTRICAL TEST 
SORTING OPERATION 
-★ QA MONITOR 
SERIALIZE 

PREBURN-IN ELECTRICAL 
TEST 


BURN-IN (2) 


POST BURN-IN TEST 


APPLY BURN-IN TEST 
APPLY BURN-IN PDA 
(AS APPLICABLE) 


EXTERNAL VISUAL 
- ★ QUALITY 

CONFORMANCE 

INSPECTION 

FINAL DATA REVIEW 



QUAL SAMPLES 


160 HOURS® 
+1250C, OR 
PER 

SLASH SHEET 
YES 


YES 

GROUP A, B; 
C,D 

(AS APPLICABLE) 


PACKAGE & SHIP 
OR STOCK 

(2) Burn-in test temperatures can be increased and time reduced per regression tables in Mil-Std-883, Method 1015 


Advantages of Standard Flows 

Wherever feasible, and in accordance with good value 
engineering practice, the IC user should specify device 
grades based on one of the five standard Harris 
manufacturing flows. These are more than adequate for the 
overwhelming majority of applications and may be utilized 
quite effectively if the user engineer bases designs on the 
standard data sheet, military drawing or slash sheet (as 
applicable) electrical limits. 

Some of the more important advantages gained by using 
standard as opposed to custom flows are as follows: 

• Lower cost than the same or an equivalent flow executed 
on a custom basis. This results from the higher efficiency 
achieved with a constant product flow and the 
elimination of such extra cost items as special fixturing, 
test programs, additional handling and added 
documentation. 

• Faster delivery. The manufacturer often can supply many 
items from Inventory and, in any case, can establish and 


maintain a better product flow when there is no need to 
restructure process and/or test procedures. 

• Increased confidence in the devices. A continuing flow of 
a given product permits the manufacturer to mointor 
trends which may bear on end-product performance or 
reliability and to implement corrective action, if 
necessary. 

• Reduction of risk. Since each product is processed 
independent of specific customer orders, the 
manufacturer absorbs production variability within its 
scheduling framework without major impact on 
deliveries. In a custom flow, a lot failure late in the 
production cycle can result in significant delays in 
delivery due to the required recycling time. 

Despite the advantages of using standard flows, there are 
cases where a special or custom flow is mandatory to meet 
design or other requirements. In such cases, the Harris 
Marketing groups stand ready to discuss individual 
customer needs and, where indicated, to accomodate 
appropriate custom flows. 
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Product Flow Chart 

Product Assurance Level /3 



PRECAP 


PRESEAL 


SEAL AND LOT 


STABILIZATION 

VISUAL 


BAKE 


IDENTIFICATION 


BAKE 


*LSI CRITERIA 



Optional Groups B, C and D Inspection Lot Conformance Testing 
is performed only if specifically ordered. 


Data Supplied 

Data Supplied with /3 Product Consists of: 

a) a certificate processing and screening compliance 

b) an attribute summary of Group A results 

c) Group B, C and D attribute test results (when ordered) 
C of C Is provided for Generic Data 


* Modified Class B Screening 
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/3 Screening 

Lot Screening Tests 


internal Visual 


Pre-Seal Bake 
Stabilization Bake 


Temperature Cycling 


Constant Acceleration 
(Centrifuge) 

Seal 

A) Fine 

B) Gross 

Initial (Pre-Burn-In) 

Electrical Parameters 
at + 250 C 

Burn-In 

Interim (Post Burn-In) 

Electrical Parameters at +250C 

Final Electrical Test at 
at-550C/4- 1250 c _ 

Group A Quality Conformance Test 
External Visual 


METHOD (MIL-STD-883) 

Condition B 
Modified for LSI Visual 


1008 

Condition C (150OC Min) 

24 Hours 

1010 

(-650C to+150OC) 
Condition C 
2001 

Condition D or E (30,000 g) 
_ Y1 Dir. _ 

1014 
Aor B 
C 

Per Applicable 
Device Specifications 

1015,160 Hours at +1250C 
Per Applicable Device 
Specifications 

Per Applicable Device 
Specifications 


REQUIREMENT 


1. Internal Visual Inspection Modified for LSI 

Internal Visual Inspection is performed to MIL-STD-883, Method 2010, Con¬ 
dition B except as follows. 

A. High magnification inspection is performed at 200X to 300X and 
applies to the high current areas of the chip. The remainder of the chip is 
inspected at 75X to 150X where high magnification is required. 

B. Metallization Voids (3.2.1.2) Criteria 3.2.1.1a Metallization Scratches, 
and 3.2.1.2a Metallization Voids shall also apply to metallization over a 
passivation step (3.2.1.Id, 3.2.1.2b) Underlying oxide must also be 
exposed. 

C. Metallization Alignment (3.2.1.7), Diffusion and Passivation Layer(s) 
Faults (3.2.0). 

High magnification inspection is performed at 200X to 300X, applied to 
the center and two opposite corners of the chip, consisting only of the 
area exposed to the immediate field of view 

D. Scribing and Die Defects (3.2.3) In addition: 

A crack that exceeds 5.0 mils in length must also point towards or cross a 
scribe grid line to be unacceptable. 

Semicircular cracks that point away from the active circuit area are 
acceptable. 


2. SOS Technology Devices; CDP1821, 1822, 1823, MWS5114 Only 

A Diffusion faults are not applicable. SOS devices are inspected for com¬ 
plete islands, bridging between islands and missing adjacent contacts 
from a row in a contact chain. 

B. The 1.0 mil wire clearance criteria is not applicable. 

C. Passivation faults are not applicable because a second free flow oxide is 
used prior to metallization. 

D. Oxide gate bridge inspection is not applicable. 

E. Semicircular cracks not in an active area which start and end at the pellet 
edge are acceptable. 

3. See Individual Data Sheets for Burn-In Circuits. 

4. Constant acceleration (Centrifuge) Is performed at 20,000 g Condi¬ 
tion D for the 40 lead DIG package (CDP1802). 
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Measurement 

Analytical Services Laboratory 

Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 
cooperate in fully Integrated approaches necessary to 
complete analytical studies. The capabilities of each area 
are shown below. 

SPECTROSCOPIC METHODS: Colorimetry, Optical 
Emission, Ultraviolet Visible, Fourier Transform-Infrared, 
Flame Atomic Absorption, Furnace Organic Carbon 
Analyzer, Mass Spectrometer. 

CHROMATOGRAPHIC METHODS: Gas Chromatography, 
Ion Chromatography. 

THERMAL METHODS: Differential Scanning Colorimetry, 
Thermogravimetric Analysis, Thermomechanical Analysis. 

PHYSICAL METHODS: Profilometry, Microhardness, 
Rheometry. 

CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
Ion Electrodes. 

ELECTRON MICROSCOPE: Transmission Electron Mi¬ 
croscopy, Scanning Electron Microscope. 

X-RAY METHODS: Energy Dispersive X-ray Analysis 
(SEM), Wavelength Dispersive X-ray Analysis (SEM), 
X-ray Fluorescence Spectrometry, X-ray Diffraction 
Spectrometry. 

SURFACE ANALYSIS METHODS: Scanning Auger Micro¬ 
probe, Electron Spectroscope/Chemical Analysis, Secon¬ 
dary Ion Mass Spectrometry, Ion Scattering Spectrometry, 
Ion Microprobe. 

The department also maintains ongoing working 
arrangements with commercial, university, and equipment 
manufacturers’ technical service laboratories, and can 
obtain any materials analysis in cases where instrumental 
capabilities are not available in our own facility. 

Calibration Laboratory 

Another important resource in the product assurance 
system is Harris Semiconductor’s Calibration Lab. This area 
is responsible for calibrating the electronic, electrical, 
electro/mechanical, and optical equipment used in both the 
production and engineering areas. The accuracy of 
instruments used at Harris in calibration is traceable to the 
National Bureau of Standards. The lab maintains a system 
which conforms to the current revision of MIL-STD-45662, 
“Calibration System Requirements.’’ 

Each instrument requiring calibration is assigned a 
calibration interval based upon stability, purpose, and 
degree of use. The equipment is labeled with an 
identification tag on which is specified both the date of the 
last calibration and of the next required calibration. The 
Calibration Lab reports on a regular basis to each user 
department. Equipment out of calibration is taken out of 


service until calibration is performed. The Quality 
organization performs periodic audits to assure proper 
control in the using areas. Statistical procedures are used 
where applicable in the calibration process. 

Field Return Product Analysis System 

The purpose of this system is to enable Harris’ Field Sales 
and Quality operations to properly route, track and respond 
to our customers’ needs as they relate to product analysis. 

The Product Failure Analysis Solution Team (PFAST) 
consists of the group of people who must act together 
to provide timely, accurate and meaningful results to 
customers on units returned for analysis. This team includes 
the salesman or applications engineer who gets the parts 
from the customer, the PFAST controller who coordinates 
the response, the Product or Test Engineering people who 
obtain characterization and/or test data, the analysts 
who failure analyze the units, and the people who provide 
the ultimate corrective action. It is the coordinated effort of 
this team, through the system described in this document 
that will drive the Customer responsiveness and continuous 
improvement that will keep Harris on the forefront of the 
semiconductor business. 

The system and procedures define the processing of 
product being returned by the customer for analysis 
performed by Product Engineering, Reliability Failure 
Analysis and/or Quality Engineering. This system is 
designed for processing “sample’’ returns, not entire lot 
returns or lot replacements. 

The philosophy is that each site analyzes its own product. 
This applies the local expertise to the solutions and helps 
toward the goal of quick turn time. 

Goals: quick, accurate response, uniform deliverable 
(consistent quality) from each site, traceability. 

The PFAST system is summarized in the following steps: 

1) Customer calls the sales rep about the unit(s) to return. 

2) Fill out PFAST Action Request - see the PFAST form in 
this section. This form is ail that is required to process a 
Field Return of samples for failure analysis. This form 
contains essential information necessary to perform root 
cause analysis. (See Figure 2). 

3) The units must be packaged in a manner that prevents 
physical damage and prevents ESD. Send the units and 
PFAST form to the appropriate PFAST controller. This 
location can be determined at the field sales office or rep 
using “look-up” tables in the PFAST document. 

4) The PFAST controller will log the units and route them to 
ATE testing for data log. 

5) Test results will be reviewed and compared to customer 
complaint and a decision will be made to route the failure 
to the appropriate analytical group. 

6) The customer will be contacted with the ATE test results 
and interim findings on the analysis. This may relieve a 
line down situation or provide a rapid disposition of 
material. The customer contact is valuable in analytical 
process to insure root cause is found. 
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7) A report will be written and sent directly to the customer 
with copies to sales, rep, responsible individuals with 
corrective actions and to the PFAST controller so that 
the records will capture the closure of the cycle. 

8) Each report will contain a feedback form (stamped and 
preaddressed) so that the PFAST team can assess their 
performance based on the customers assessment of 
quality and cycle time. 

9) The PFAST team objectives are to have a report in the 
customers hands in 28 days, or 14 days based on 
agreements. Interim results are given realtime. 

Failure Analysis Laboratory 

The Failure Analysis Laboratory’s capabilities encompass 
the isolation and identification of all failure modes/failure 
mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure is also 
undertaken. 



Failure analysis is a method of enhancing product reliability 
and determining corrective action. It is the final and crucial 
step used to isolate potential reliability problems that may 
have occurred during reliability stressing. Accurate analysis 
results are imperative to assess effective corrective actions. 
To ensure the integrity of the analysis, correlation of the 
failure mechanism to the initial electrical failure is essential. 

A general failure analysis procedure has been established 
in accordance with the current revision of MIL-STD-883, 
Section 5003. The analysis procedure was designed on the 
premise that each step should provide information on the 
failure without destroying information to be obtained from 
subsequent steps. The exact steps for an analysis are 
determined as the situation dictates. (See Figures 3 and 4). 
Records are maintained by laboratory personnel and 
contain data, the failure analyst’s notes, and the formal 
Product Analysis Report. 



FIGURE 3. NON-DESTRUCTIVE 


FIGURE 4. DESTRUCTIVE 
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HARRIS 

SEMICONDUCTOR 


Request # 
Customer Analysis # 


PFAST ACTION REQUEST 


Originator _ 

Location/Phone No. 
Device Type/Part No. 
No. Samples Returned 


Customer _ 

Location _ 

Purchase Order No. 
Quantity Received 


The completeness and timely response of the evaluation is directly related to the completeness 

OF THE DATA PROVIDED. PLEASE PROVIDE ALL PERTINENT DATA. ATTACH ADDITIONAL SHEETS IF NECESSARY. 


TYPE OF PROBLEM 


1. □ Incoming Inspection 

□ 100% Screen □ Sample Inspection 

No. Tested_ No. of Rejects_ 

Are resulis representative of previous lots? 

□ YES □ NO 

□ Brief description of evaluation 
AND results attached 

2. □ In Process/Manufacturing Failure 

□ Board Checkout □ System Checkout 

□ Failed on Turn-on 

□ Failed after_hours operation 

Was unit retested under incoming inspection 
CONDITIONS? □ YES □ NO 

□ Brief Description of how failure was isolated 

TO COMPONENT ATTACHED 

3. □ Field Failure 

Failed after_hours operation 

Estimated failure rate_ % per 1000 hours 

End User_ Location_ 

Ambient Temperature _ C 

Min._ C Max._ C 

Rel. Humidity _ % 

□ End User failure correspondence attached 


ACTION REQUESTED BY CUSTOMER 


Specific Action Requested _ 


Impact of Failed Units on Customer’s Situation: 


Customer Contacts with Specific Knowledge of Rejects 

Name _ 

Position _Phone_ 


DETAILS OF REJECT 

(Where appropriate serialize units and specify for each) 


test Conditions Relating to Failure 

□ Tester Used (MFGR/MODEL) _ 

□ Test Temperature _ 

□ Test Time: □ Continuous Test 

□ One Shot (T =_sec) 

□ Description of any observed condition to 

WHICH failure appears SENSITIVE: _ 


1. □ DC Failures 

n Opens □ Shorts □ Leakage □ Stress 

□ Power Drain □ Input Level □ Output Level 

□ List of forcing conditions and measured 

RESULTS FOR EACH PIN IS ATTACHED 

□ Power supply sequencing attached 

2. □ AC Failures 

List Failing Characteristics _ 


Address of Faiung Location (if applicable) 
Attached: 

□ List of Power Supply and Driver Levels 

(Include pictures of waveforms). 

□ List of output levels and loading conditions 

□ Input and Output Timing Diagrams 

□ Description of Patterns Used 

(If not standard patterns, give very complete 
description including address sequence). 

3. □ PROM Programming Failures 

Address of Failures _ 

Programmer Used (MFG/Model/Rev. No.) 

4. □ Physical/Assembly Related Failures 

□ See Comments Below □ See Attached 



FIGURE 2. PFAST ACTION REQUEST 
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Reliability 

Reliability Assessment and Enhancement 

At Harris Semiconductor, reliability is built into every 
product by emphasizing quality throughout manufacturing. 
This starts by ensuring the excellence of the design, layout, 
and manufacturing process. The quality of the raw materials 
and workmanship is monitored using statistical process 
control (SPC) to preserve the reliability of the product. The 
primary and ultimate goal of these efforts is to provide full 
performance to the product specification throughout its 
useful life. Product reliability is maintained through the 
following sources: Qualifications, In-Line Reliability 
Monitors, Failure Analysis. 

Qualifications 

Qualifications at Harris de-emphasize the sole dependence 
on production product which is only available late in the 
development cycle. The focus is primarily on the use of test 
vehicles to establish design ground rules for the product 
and the process that will eliminate any wearout 
mechanisms during the useful life of the product. However, 
to comply with the military requirements concerning reliabil¬ 
ity, product qualifications are performed. (See Figure 5). 

In-line Reliability Monitors 

In-line reliability monitors provide immediate feedback to 
manufacturing regarding the quality of workmanship, 
quality of raw materials, and the ultimate reliability 
implications. The rudimentary implementation of this 
monitoring is the “First Line of Defense,” which is a pass/ 
fail acceptance procedure based on control charts and 
trend analysis. The second level of monitoring is referred to 
as the “Early Warning System” and incorporates wafer level 
reliability concepts for extensive diagnostic and 
characterization capabilities of various components that 
may impact the device reliability or stability. The quick 
feedback from these schemes allows more accurate 
correlation to process steps and corrective actions. 

Product/Package Reliability Monitors 

Reliability of finished product is monitored extensively 
under a program called Matrix I, II, III monitor. All major 
technologies are monitored. 

Matrix I - Has a higher sampling size and rate per week and 
uses short duration test, usually less than 48 hours to as¬ 
sess day to day, week to week reliability. High volume types 
are prevalent in this data. Stresses - Operating Life, Static 
Life and HAST. Ta = -4-12500 to -H200OC 

Matrix II - Longer duration test, much like requalification. 
The sample sizes are reduced in number and frequency, 
yet meet or exceed the JEDEC Standard 29. Stresses 
Operating Life, Storage, THB, Autoclave, Temp Cycle, and 
Thermal Shock. 

Matrix 111 - Package specific test. Tests Solderabllity, Lead 
Fatigue, Physical Dimensions, Brand Adhesion, 
Flammability, Bond Pull, Constant Acceleration, and 
Hermetlcity. 

Data from these Monitor Stress Test provides the following 
information: 

• Routine reliability monitoring of products by die 
technology and package styles. 


• Data base for determining FIT Rates and Failures Mode 
trends used drive Continuous Improvement. 

• Major source of reliability data for customers. 

• Customers have used this data to qualify Harris 
products. 

Reliability Fundamentals 

Reliability, by its nature, is a mixture of engineering and 
probability statistics. This combination has derived a 
vocabulary of terms essential for describing the reliability of 
a device or system. Since reliability involves a measurement 
of time, it is necessary to accelerate the failures which may 
occur. This, then, introduces terms like “activation energy” 
and “acceleration factor,” which are needed to relate results 
of stressing to normal operating conditions (see Table 1). 
Also, to assess product reliability requires failures. 
Therefore, only a statistical sample can be used to 
determine the model of the failure distribution for the entire 
population of product. 

Failure Rate Calculations 

Reliability data for products may be composed of 
several different failure mechanisms and requires careful 
combining of diverse failure rates into one comprehensive 
failure rate. Calculating the failure rate is further complicat¬ 
ed because failure mechanisms are thermally accelerated 
at varying rates and thereby have differing accelerating fac¬ 
tors. Additionally, this data is usually obtained from a variety 
of life tests at unique stress temperatures. The equation 
below accounts for these considerations and then inserts a 
statistical factor to obtain the confidence interval for the fail¬ 
ure rate. 


FIT = 


B = 
K = 
Xi = 

TDGj = 

AFij = 

M = 




c109 xM 


K 

i = 1 I TDHj AF 55 

j =1 

# of distinct possible failure mechanisms 

# of life tests being combined 

# of failures for a given failure mechanism 
i= 1,2, ...B 

Total device hours of test time (unaccelerated) for 
Life Testj 

Acceleration factor for appropriate failure mecha¬ 
nism i = 1, 2,... K 

Statistical factor for calculating the upper confi¬ 
dence limit (M is a function of the total number of 
failures and an estimate of the standard deviation 
of the failure rates) 

In the failure rate calculation. Acceleration Factors (AF-y) are 
used to derate the failure rate from thermally accelerated Life 
Test conditions to a failure rate indicative of use tempera¬ 
tures. Though no standards exist, a temperature of -I-550C 
has been popular and allows some comparison of product 
failure rates. All Harris Semiconductor Reliability Reports will 
derate to +550C at both the 60% and 95% confidence 
inten/als. 


8-11 


QUALITY AND 
RELIABILITY 





FLOW - PRODUCT DEVELOPMENT 


RELIABILITY FOCUS 



Assumes Process Development Required 


Evaluate Reliability Risks Factors 

Attain Commitment for Test Vehicle (T.V.) Development 

Review Test Vehicle Development and Stress Test Plan 
Review Package Requirements 

Review Latent Failure Mechanism History for Design Sensitivity and Elimination 
Review Ground Rules for Design and Elimination of Wearout Mechanisms 
Review Process Characterization, Statistical Control & Capability which are Design 
Considerations 

Review Test Vehicle Stress Results 
Review Device Modeling & Simulations 
Review Process Variability & Producibility 

Define Wafer Reliability Monitor Vehicles, Application of Early Warning System 

* ★ ★ 

Verify Wearout Mechanisms are Eliminated by Design & Process Control 
(Test Vehicle + SPC) 

Evaluate Design of Chip to Package Risk Factors 
Review Ground Rule Checks (DRCs) 

Establish Reliability Test, Stress and Failure Analysis Capabilities. Project Failure Rate 
Based on T.V. Data. 

Review Burn-In Diagrams for Production and Qualification 
Review Overall Qualification Plan & Begin Balance of Life Test 

* * * 

Review Product Characterization to Data Sheet, ESD, Latch-up & DPA Results & 
Define Corrective Actions 

Review of Life Test Data & Failure Mechanisms. Define Corrective Actions 
Utilize Statistical Design of Experiments (DOX) if Required to Adjust Process or Design 
Define Necessary Changes to Eliminate Any Systematic Failure Mechanism 
If Mature Process - Grant Generic Release 

’ Qualification Requirements Complete and Presented. Meet FIT Rate Requirements 
’ Review Infant Mortality (I.M.) Burn-in Results. If Greater Than 1 % at 1 25^C 
Determine I.M. Burn-in Requirements 

’ Reliabiltiy Monitors: 

► Real Time Early Warning Wafer Level Reliability control 

► Real Time Reliability Control of Burn-In PDA with Control Charts 

► Add-On Life Testing: - Mil Std Group C & D 

- Industrial/Commercial Life Testing 

’ Trend Analysis of Reliability Performance Used to Develop Product Improvements 
' Special Studies 


High Quality and Reliability Products to Harris Customers 


• Failure Analysis - Determine Assignable Cause of Failure 

• Closed Loop Corrective Action Process 

• Continuous Improvement Objectives in Product Reliability & Quality 


FIGURE 5. NEW PROCESS PRODUCT DEVELOPMENT AND LIFE CYCLE 
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Acceleration Factors 

The Acceleration Factors (AF) are determined from the 
Arrhenius Equation. This equation is used to describe 
physiochemical reaction rates and is an appropriate model 
for expressing the thermal acceleration of semiconductor 
failure mechanisms. 


f Eg 1 - 1 ^ 

AF = EXP —^ I- -I 

L ^ \ ^use ^stress j _ 

AF = Acceleration Factor 

Eg = Thermal Activation Energy in eV from Table 8 
K = Boltzmann’s Constant (8.62 x 10“^ eV/®K) 


Both Tggg and Tg^pggg (in degrees Kelvin) include the 
internal temperature rise of the device and therefore 
represent the junction temperature. With the use of the 
Arrhenius Equation, the thermal Activation Energy (Eg) term 
is a major influence on the result. This term is usually 
empirically derived and can vary widely. 


TABLE 1. FAILURE RATE PRIMER 


GLOSSARY OF TERMS 


TERMS/DEFINITION 


FAILURE RATE X 


For Semiconductors, usually expressed in FITs. 

Represents useful life failure rate (which implies a constant 
failure rate). 

FITS are not applicable for infant mortality or wearout failure 
rate expressions. 


MTTF - Mean Time To Failure 

For semiconductors, MTTF is the average or mean life expectancy 
of a device. 

If an exponential distribution is assumed then the mean time to 
fail of the population will be when 63% of the parts have failed. 


CONFIDENCE INTERVAL (C. I.) 

Establishes a Confidence Interval for failure rate predictions. 
Usually the upper limit is most significant in expressing failure 
rates. 


UNITS/DESCRIPTION 


FIT - Failure In Time 

1 FIT -1 failure in 10^ device hours. 

Equivalent to 0.0001 %/1000 hours 
FITs = 

# Failures x 10^ x m 

# Devices x # hours stress x AF 

m - Factor to establish Confidence Interval 
10^ - Establishes in terms of FITS 
AF - Acceleration Factor at temperature for a given failure 
mechanism 


Mean Time Is measured usually in hours or years. 

1 Year = 8760 hours 

When working with a constant failure rate the MTTF can be 
calculated by taking the reciprocal of the failure rate. 

MTTF = lA (exponential model) 

Example: =10 RTs at +550C 

The MTTF is: MTTF= IA= 0.1 x 10^ hours 
= 10OM hours 


“10 FITS @ a 95% C. I. @ SS^C" means on/y that you are 95% 
certain the the FITs <10 at 4-550C use conditions. 
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Activation Energy 

To determine the Activation Energy (Ea) of a mechanism 
(see Table 2) you must run at least two (preferably more) 
tests at different stresses (temperature and/or voltage). The 
stresses will provide the time to failure (Tf) for the 
populations which will allow the simultaneous solution for 
the Activation Energy by putting the experimental results 
into the following equations. 


In (tfi) 


In (tf 2 ) 


Then, by subtracting the two equations, the Activation 
Energy becomes the only variable, as shown. 

ln(tfi)-ln(t| 2 ) = Ea/k(1/T1-1/T2) 


The Activation Energy may be estimated by graphical 
analysis plots. Plotting In time and In temperature then 
provides a convenient nomogram that solves (estimates) the 
Activation Energy. 

Table 3 is a summary for the L7 process. 

All Harris Reliability Reports from qualifications and Group 
Cl (all high temperature operating life tests) will provide the 


data on all factors necessary to calculate and verify the 
reported failure rate (in FITs) using the methods outlined in 
this primer. 

Qualification Procedures 

New products are reliably introduced to market by the 
proper use of design techniques and strict adherence to 
process layout ground rules. Each design is reviewed from 
its conception through early production to ensure 
compliance to minimum failure rate standards. Ongoing 
monitoring of reliability performance is accomplished 
through compliance to 883C and standard Quality 
Conformance Inspection as defined in Method 5005. 

New process/product qualifications have two major 
requirements Imposed. First is a check to verify the proper 
use of process methodology, design techniques, and layout 
ground rules. Second is a series of stress tests designed to 
accelerate failure mechanisms and demonstrate the 
reliability of integrated circuits. 

From the earliest stages of a new product’s life, the design 
phase, through layout, and in every step of the manufactur¬ 
ing process, reliability is an Integral part of every Harris 
Semiconductor product. This kind of attention to detail 
“from the ground up” is the reason why our customers can 
expect the highest quality for any application. 


TABLE 2. FAILURE MECHANISM 


FAILURE 

MECHANISM 

ACTIVATION 

ENERGY 

SCREENING AND 

TESTING METHODOLOGY 

CONTROL METHODOLOGY 

Oxide Defects 

0.3-0.5eV 

High temperature operating life (HTOL) and 
voltage stress. Defect density test vehicles. 

Statistical Process Control of oxide parameters, 
defect density control, and voltage stress testing. 

Silicon 

Defects (Bulk) 

0.3 - 0.5eV 

HTOL & voltage stress screens. 

Vendor Statistical Quality Control programs, and 
Statistical Process Control on thermal processes. 

Corrosion 

0.45eV 

Highly accelerated stress tesing (HAST) 

Passivation dopant control, hermetic seal control, 
improved mold compounds, and product handling. 

Assembly 

Defects 

0.5-0.7eV 

Temperature cycling, temperature and 
mechanical shock, and environmental 
stressing. 

Vendor Statistical Quality Control programs, 
Statistcal Process Control of assembly processes 
proper handling methods. 

Electromigration 

- AILine 

- Contact 

0.6eV 

0.9eV 

Test vehicle characterizations at highly 
elevated temperatures. 

Design ground rules, wafer process statistical 
process steps, photoresist, metals and 
passivation 

Mask Defects/ 

Photoresist 

Defects 

0.7eV 

Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 
and HTOL. 

Clean room control, clean mask, pellicles 

Statistical Process Control or photoresist- 
/etch processes. 

Contamination 

I.OeV 

C-V stress at oxide/interconnect, wafer 

FAB device stress test (EWS) and HTOL. 

Statistical Process Control of C-V data, oxide/ 
interconnect cleans, high integrity glassivation 
and clean assembly processes. 

Charge 

Injection 

1.3eV 

HTOL & oxide characterization. 

Design ground rules, wafer level Statistical 

Process Control and critical dimensions for 
oxides. 


TABLE 3. HIGH TEMPERATURE OPERATING LIFE TEST SUMMARY 


GENERIC 

GROUP 

GROUP NAME 

PROCESS DESCRIPTION 

QUANTITY 

C-105-5 

Microprocessor 
and Peripherals 

SAJI CMOS Ii7 

1452 


FAILURE 

QUANTITY HOURS RATE FITS 
FAILURE @ 1250C @ SS^C 60% Cl 


2 
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Harris High Reliability Product Specification Highlights 


Harris Semiconductor is a leading supplier of high reliability 
integrated circuits to the military and aerospace community 
and takes pride in offering products tailored to the most 
demanding applications requirements. Our Manufacturing 
facilities are JAN-Certified to MIL-M-38510 and provide 
JAN-qualified and MIL-STD-883 compliant products as 
standard data book items. This Data Book contains detailed 
information on high-reliability integrated circuits presently 
available from Harris Semiconductor. 

The intent of the /883 data sheet is to provide to our 
customers a clear understanding of the testing being 
performed in conformance with MIL-STD-883 
requirements. Additionally, it is our intent to provide the 
most effective and comprehensive testing feasible. 

Document Control 

Harris has established each of the /883 data sheets as an 
internally revised controlled document. Any product 
revision or modification must be approved and signed-off 
throughout the manufacturing and engineering sections. 
Harris has made every effort to ensure accuracy of the 
information in this data book through quality control 
methods. Harris reserves the right to make changes to the 
products contained in this data book to improve 
performance, reliability and producibility. Each data sheet 
will use the printed date as the revision control 
identification. Contact Harris for the latest available 
specifications and performance data. 

/883 Data Sheet Highlights 

Each specific /883 data sheet documents the features, 
description, pinouts, tested electrical parameters, test 
circuits, burn-in circuits, die characteristics, packaging and 
design information. The following are notes and 
clarifications that will help in applying the information 
provided in the data sheet. 

Absolute Maximum Ratings: These ratings are provided 
as maximum stress ratings and should be taken into 
consideration during system design to prevent conditions 
which may cause permanent damage to the device. 
Operation of the device at or above the “Absolute Maximum 
Ratings” is not intended, and extended exposure may affect 
the device reliability. 


Reliability Information: Each /883 data sheet contains 
thermal information relating to the package and die. This 
information is intended to be used in system design for 
determining the expected device junction temperatures for 
overall system reliability calculations. 

Packaging: Harris utilizes MIL-M-38510, Appendix C for 
packages used for /883 products. The mechanical 
dimensions and materials used are shown for each 
individual product to complete each data sheet as a self 
contained document. 

D.C. and A.C. Electrical Parameters: Tables 1 and 2 
define the D.C. and A.C. Electrical Parameters that are 
100 % tested in production to guarantee compliance to 
MIL-STD-883. The subgroups used are defined in 
MIL-STD-883, Method 5005 and designated under the 
provisions of Paragraph 1.2.1a. Test Conditions and Test 
Circuits are provided for specific parameter testing. 

Table 3 provides additional device limits that are 
guaranteed by characterization of the device and are not 
directly tested in production. Characterization takes place 
at Initial device design and after any major process or 
design changes. The characterization data is on file and 
available demonstrating the test limits established. 

Table 4 provides a summary of the test requirements and 
the applicable MIL-STD-883 subgroups. 

Burn-in Circuits: The Burn-in circuits defined in the 
individual data sheets are those used in the actual 
production process. Burn-in is conducted per MIL-STD- 
883, Method 1015. 

Design Information Sections: Harris provides an 
additional Design Information Section in many of the data 
sheets to assist in system application and design. This 
information may be in the form of applications circuits, 
typical device parameters, or additional device related user 
Information such as programming information. While this 
information cannot be guaranteed, it is based on actual 
characterization of the product and is representative of the 
data sheet device. 
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-High Reliability Products Information- 

Harris’ High Reliability Products are all produced in Group C is oriented toward die integrity and consists of 


accordance with military specifications and standards, 
primarily MIL-M-38510 (General Specifications for 
Microcircuits) and MIL-STD-883 (Test Methods and 
Procedures for Microelectronics). 

MIL-STD-883 contains test methods and procedures for 
various electrical, mechanical and environmental tests as 
well as requirements for screening, qualification and quality 
conformance inspection. Method 5004 of MIL-STD-883 
lists the 100% screening tests which are required for each 
of the product assurance classes defined above. 

Following the device screening, samples are removed from 
the production lot(s) for Quality Conformance Inspection 
testing. This testing is divided into four inspection groups: 
A, B, C and D, which are performed at prescribed intervals 
per MIL-M-38510 to assure the processes are in control 
and to ensure the continued quality level of the product 
being produced. 

Group A electrical inspection involves dynamic, static, 
functional and switching tests at maximum, minimum and 
room operating temperatures. Sample sizes and specific 
tests performed depend upon the particular product 
assurance class chosen. Electrical test sampling is 
performed on all subgroups as defined in MIL-STD-883, 
Method 5005. 

Group B inspection includes tests for marking 
permanency, internal visual and mechanical correctness, 
bond strength, and solderability. It is intended to provide 
assurance of the absence of lot-to-lot fabrication and 
manufacturing variances. Group B tests are again defined 
in test Method 5005. 


operating life testing as defined in MIL-STD-883, Method 
5005. 

Group D environmental testing is provided to verify die and 
package reliability. Among the Group D tests are lead 
integrity, hermeticity, temperature cycling, thermal and 
mechanical shock, and constant acceleration. 

MIL-M-38510 requires that Group A and Group B 
inspection be performed on each lot, while Group C 
Inspection must be done every 3 months and Group D every 
6 months to be in compliance with MIL-M-38510 JAN 
requirements. To limit the amount of testing, MIL-M-38510 
allows the multitude of micro- circuits to be grouped by 
technology, commonly known as “generic families”. Thus, 
one group C performed will cover all parts included in that 
generic family for three months. For Group D, which is 
package related, although there are some restrictions, one 
Group D performed on a 24-pin ceramic dual-in-line 
packaged part will cover all devices in the same package 
regardless of the technology group. 

For MIL-STD-883 products. Groups A and B are required 
on each lot. Groups C and D are required every 52 weeks 
by generic die family and package fabricated and 
manufactured from the same plant as the die and package 
represented. 
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General Test Philosophy 


The general philosophy for test set development is to 
supply test software that guarantees the high performance 
and quality of the products being designed and 
manufactured by Harris. The general final test set includes a 
guardbanded Initial test program and a QA test program for 
the quality test step. Characterization software is an 
additional test program that parametrically measures and 
records the performance of the device under test. This test 
set is used to evaluate the performance of a product and to 
determine the acceptability of non-standard Source Control 
Drawings. BSPEC and RSPEC test programs are custom 
final test programs written to conform to customer 
specifications. 

The general test development strategy is to develop 
software using a “shell” programming technique which 
creates standard test program flows, and reduces test 
development and execution times. Statistically derived 
guardbands are utilized in the “shell” programs to null out 
test system variability. High performance hardware 
interface designs are incorporated for maximized test 
effectiveness, and efficient fault graded vector sets are 
utilized for functional and AC testing. 

The initial step in generating the test set is the test vector 
generation. The test vectors are the binary stimulus applied 
to the device under test to functionally test the operation of 
the product. The vectors are developed against a behavioral 
model that is a software representation of the device 
functionality. The output of the behavioral model can be 
translated directly to ATE test vectors or prepared for CAD 
simulation. 

The philosophy in the generation of test vectors is to 
develop efficient fault graded patterns with a goal of greater 
than 90% fault coverage. There is no intent to generate a 
worst case or best case noise vector set. The intent is to 
maximize fault coverage through efficient vector use. 
Generally only one vector set will be required to enable 
complete test coverage within a given test program. 


Exceptions to this would be vector generation to test certain 
identified critical AC speed paths or DC vectors for testing 
VIH/VIL parameters. These vector sets typically will not 
increase fault coverage and can not be substituted for fault 
graded vector sets. 

The ultimate goal for testing all /883 products is data sheet 
compliancy, thoroughness, and quality of testing. By taking 
this approach to test set generation, Harris is capable of 
supplying high performance semiconductors of the highest 
quality to the marketplace. 


Non-Standard Product Offerings 

Harris understands the need for customer generated 
Source Control Drawings with non-standard parameter 
and/or screening requirements. A Customer Engineering 
Department is responsible for efficiently expediting your 
SCDs through a comprehensive review process. The 
Customer Engineering Group compares your SCD to its 
closest equivalent grade device type and works closely with 
the Product Engineer, Manufacturing Engineer, Design 
Engineer, or applicable individual to compare Harris’ 
screening ability against your non-standard requirement(s). 
For product processed to non-standard requirements, a 
unique part number suffix is assigned. 

Harris shares the military’s objective to utilize standards 
wherever possible. We recommend using our /883 data 
sheet as the guideline for your BCD’s. In instances where an 
available military specification or Harris /883 datasheet is 
inappropriate, it is Harris’ sincerest wish to work closely 
with the buyer in establishing an acceptable procurement 
document. For this reason, the customer is requested to 
contact the nearest Harris Sales Office or Representative 
before finalizing the Source Control Drawing. Harris looks 
forward to working with the customer prior to 
implementation of the formal drawing so that both parties 
may create a mutually acceptable procurement document. 
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iC Handling Procedures 


Harris iC processes are designed to produce the most 
rugged products on the market. However, no 
semiconductor is immune from damage resulting from the 
sudden application of many thousands of volts of static 
electricity. While the phenomenon of catastrophic failure of 
devices containing MOS transistors or capacitors Is well 
known, even bipolar circuits can be damaged by static 
discharge, with altered electrical properties and diminished 
reliability. None of the common IC Internal protection 
networks operate quickly enough to positively prevent 
damage. 

It is suggested that all semiconductors be handled, tested, 
and installed using standard “MOS handling techniques” of 
proper grounding of personnel and equipment. Parts and 
subassemblies should not be in contact with untreated 
plastic bags or wrapping material. High impedance IC 
Inputs wired to a P.C. connector should have a path to 
ground on the card. 

HANDLING RULES 

Since the Introduction of integrated circuits with MOS 
structures and high quality junctions, a safe and effective 
means of handling these devices has been of primary 
importance. One method employed to protect gate oxide 
structures is to incorporate input protection diodes directly 
on the monolithic chip. However, there is no completely 
foolproof system of chip input protection in existence in the 
industry. In addition, most compensation networks In linear 
circuits are located at high impedance nodes, where 
protection networks would disturb normal circuit operation. 
If static discharge occurs at sufficient magnitude (2kV or 
more), some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of 10kV in a low 
humidity environment Thus it becomes necessary for 
additional measures to be implemented to eliminate or 
reduce static charge. It is evident, therefore, that proper 
handling procedures or rules should be adopted. 


Elimination or reduction of static charge can be 

accomplished as follows: 

• Use static-free work stations. Static-dissipative mats on 
work benches and floor, connected to common point 
ground through a IMn resistor, help eliminate static 
build-up and discharge. Do not use metallic surfaces. 

• Ground all handling equipment. 

• Ground ail handling personnel with a conductive bracelet 
through IMH to ground (the 1Mn resistor will prevent 
electroshock injury to personnel). Transient product 
personnel should wear grounding heel straps when 
conductive flooring Is present. 

• Smocks and clothing of certain insulating materials 
(notably nylon) should not be worn in areas where 
devices are handled. These materials, highly dielectric in 
nature, will hold, or aid in the generation of a static 
charge. Where they cannot be eliminated, natural 
materials such as cotton should be used to minimize 
charge generation capacity. Conductive smocks are also 
available as an alternative. 

• Control relative humidity to as high a level as practical. 
50% is generally considered sufficient. (Operations 
should cease If R.H. falls below 25%). 

• Ionized air blowers reduce charge build-up in areas 
where grounding is not possible or practical. 

• Devices should be in conductive static-shielded 
containers during all phases of transport. Leads may be 
shorted by tubular metallic carriers, conductive foam, or 
foil. 

• In automated handling equipment, the belts, chutes, or 
other surfaces should be of conducting non-metal 
material. If this is not possible, ionized air blowers or 
ionizing bars may be a good alternative. 
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ESD Handling Procedures 


Harris has developed a static control program that enables 
employees to detect problems generated by static 
electricity whether on site, in transit, or in the field. 
Controlling the requirements, methods, materials, and 
training for static protection of our products is ongoing and 
updated with new developments in electrostatic prevention. 
Harris has responded with controls and procedures as part 
of daily operations to be followed in all areas. 

The challenge is to insure all electrostatic control 
procedures are followed throughout the system — from 
manufacturing through end use. Unprotected Integrated 
circuits can be destroyed or functionally altered by merely 
passing them through the electrostatic field of something as 
simple as Styrofoam or human contact. 

Measures of Protection and Prevention 

When handling static sensitive devices, three standard 
procedures must be followed; 

1. Prior to any handling of static-sensitive components, the 
individual must be properly grounded. 

2. All static-sensitive components must be handled at 
static safeguarded work stations. 

3. Containers and packing materials that are 

static-protective must be used when transporting all 
static-sensitive components. 

Special handling equipment (static-safeguarded work 
stations, conductive wrist straps, static-protected 
packaging, ionized air blowers) should be used to reduce 
damaging effects of electrostatic fields and charges. 

Static-safeguarded work station is an area that is free 
from ail damaging electricity, including people. To 
accomplish this, static on conductors and nonconductors 
must be controlled. 


Controlling electrically conductive items can be 
accomplished by bonding and grounding techniques. The 
human body is considered a conductor of electricity and is 
by far the greatest generator of static electricity. Personnel 
handling ICs must use con- ductive wrist straps to ground 
themselves. Simple body moves act like a variable 
capacitor, and can create static charges. In addition, 
conductive clothing is recommended for minimizing 
electrostatic build up. 

Static protective packaging prevents electric field from 
Influencing or damaging ICs. An effective static-protective 
package exhibits three types of features: 

1. Antistatic protection that prevents triboelectric or 
frictional charging, 

2. Dielectric protection that insulates discharging, and 

3. Shielding or Faraday cage protection that prevents 
transient field penetration. 

Harris uses only packaging that exhibits ail three features. 
Employees are required to adhere to the same 

static-protective packaging techiques during handling and 
shipment to assure device integrity Is maintained. 

Ionized air blowers aid in neutralizing charges on 
nonconductors such as synthetic clothing, plastics, and 
Styrofoam™. The blowers are placed at the work site and in 
close proximity to the IC handling area, since 

nonconductors do not lose or drain charges using normal 
grounding techniques. 

By using wrist straps, static-protected work stations and 
static-protected containers, Harris product quality is 
maintained throughout the product cycle. 



FIGURE 2. STATIC-SAFEGUARDED WORK STATION 

NOTE 1. All electrical equipment on the conductive table top must be hard grounded and isolated from the table top. 
2. Earth ground is not computer ground or RF ground or any other limited ground. 



styrofoam™ is a trademark of Dow Chemical Corporation 
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ELECTROSTATIC DISCHARGE CONTROL 
A GUIDE TO HANDLING INTEGRATED CIRCUITS 


This paper discusses methods and materials recommended 
for protection of ICs against ESD damage or degradation 
during manufacturing operations vulnerable to ESD expo¬ 
sure. Areas of concern include dice prep and handling, dice 
and package inspection, packing, shipping, receiving, 
testing, assembly and all operations where ICs are Involved. 

All integrated circuits are sensitive to electrostatic dis¬ 
charge (ESD) to some degree. Since the introduction of 
Integrated circuits with MOS structures and high quality 
junctions, safe and effective means of handling these de¬ 
vices have been of primary importance. 

If static discharge occurs at a sufficient magnitude, 2kV or 
greater, some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of lOkV in a low humidi¬ 
ty environment; thus it becomes necessary for additional 
measures to be implemented to eliminate or reduce static 
charge. Avoiding any damage or degradation by ESD when 
handling devices during the manufacturing flow is therefore 
essential. 

ESD Protection and 
Prevention Measures 

One method employed to protect gate oxide structures is to 
incorporate Input protection diodes directly on the monolith¬ 
ic chip. However, there is no completely foolproof system of 
chip input protection In existence in the industry. 

In areas where ICs are being handled, certain equipment 
should be utilized to reduce the damaging effects of ESD. 
Typically, equipment such as grounded work stations, 
conductive wrist straps, conductive floor mats, ionized air 
blowers and conductive packaging materials are included 
in the 1C handling environment. Any time an individual in¬ 
tends to handle an 1C, in any way, they must insure they 
have been grounded to eliminate circuit damage. 

Grounding personnel can, practically, be performed by two 
methods. First, grounded wrist straps which are usually 
made of a conductive material, such as Velostat or metal. A 
resistor value of 1 megohm (1/2 watt) in series with the 
strap to ground completes a discharge path for ESD when 
the operator wears the strap In contact with the skin. Anoth¬ 
er method is to insure direct physical contact with a 
grounded, conductive work surface. 

This consists of a conductive surface like Velostat, covering 
the work area. The surface is connected to a 1 megohm 
(1/2 watt) resistor in series with ground. 


In addition to personnel grounding, areas where work is be¬ 
ing performed with ICs, should be equipped with an ionized 
air blower. Ionized air blowers force positive and negative 
ions simultaneously over the work area so that any 
nonconductors that are near the work surface would have 
their static charge neutralized before It would cause device 
damage or degradation. 

Relative humidity In the work area should be maintained as 
high as practical. When the work environment is less than 
40% RH, a static build-up condition can exist on 
nonconductors allowing stored charges to remain near the 
ICs causing possible static electricity discharge to ICs. 
Integrated circuits that are being shipped or transported 
require special handling and packaging materials to elimi¬ 
nate ESD damage. Dice or packaged devices should be in 
conductive carriers during all phases of transport and han¬ 
dling. Leads of packaged devices can be shorted by 
tubular metalic carriers, conductive foam or foil. 

Do's and Don'ts for 
Integrated Circuit Handling 
Do’s 

Do keep paper, nonconductive plastic, plastic foams and 
films or cardboard off the static controlled conductive 
bench top. Placing devices, loaded sticks or loaded burn-in 
boards on top of any of these materials effectively Insulates 
them from ground and defeats the purpose of the static con¬ 
trolled conductive surface. 

Do keep hand creams and food away from static controlled 
conductive work surfaces. If spilled on the bench top, these 
materials will contaminate and increase the resistivity of the 
work area. 

Do be especially careful when using soldering guns around 
conductive work surfaces. Solder spills and heat from the 
gun may melt and damage the conductive mat. 

Do check the grounded wrist strap connections daily. Make 
certain they are snugly fitted before starting work with the 
product. 

Do put on grounded wrist strap before touching any de¬ 
vices. This drains off any static build-up from the operator. 

Do know the ESD caution symbols. 

Do remove devices or loaded sticks from shielding bags 
only when grounded via wrist strap at grounded work sta¬ 
tion. This also applies when loading or removing devices 
from the antistatic sticks or the loading on or removing from 
the burn-in boards. 


Copyright © Harris Corporation 1989 
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Do wear grounded wrist straps in direct contact with the 
bare skin - never over clothing. 

Do use the same ESD control with empty burn-in boards as 
with loaded boards if boards contain permanently mounted 
ICs as part of driver circuits. 

Do insure electrical test equipment and solder irons at an 
ESD control station are grounded and only uninsulated met¬ 
al hand tools be used. Ordinary plastic solder suckers and 
other plastic assembly aids shall not be used. 

Do use ionizing air blowers in static controlled areas when 
the use of plastic (nonconductive) materials cannot be 
avoided. 


Don’t allow anyone not grounded to touch devices, loaded 
sticks or loaded burn-in boards. To be grounded they must 
be standing on a conductive floor mat with conductive heel 
straps attached to footwear or must wear a grounded wrist 
strap. 

Don’t touch the devices by the pins or leads unless 
grounded since most ESD damage is done at these points. 

Don’t handle devices or loaded sticks during transport from 
work station to work station unless protected by shielding 
bags. These items must never be directly handled by any¬ 
one not grounded. 

Don’t use freon or chlorinated cleaners at a grounded work 
area. 

Don’t wax grounded static controlled conductive floor and 
bench top mats. This would allow build-up of an insulating 
layer and thus defeating the purpose of a conductive work 
surface. 

Don’t touch devices or loaded sticks or loaded burn-in 
boards with clothing or textiles even though grounded wrist 
strap is worn. This does not apply if conductive coats are 
worn. 

Don’t allow personnel to be attached to hard ground. There 
must always be 1 megohm series resistance (1/2 watt 
between the person and the ground). 

Don’t touch edge connectors of loaded burn-in boards or 
empty burn-in boards containing permanently mounted 


driver circuits when not grounded. This also applies to 
burn-in programming cards containing ICs. 

Don’t unload stick on a metal bench top allowing rapid dis¬ 
charge of charged devices. 

Don’t touch leads. Handle devices by their package even 
though grounded. 

Don’t allow plastic “snow or peanut’’ polystyrene foam or 
other high dielectric materials to come in contact with de¬ 
vices or loaded sticks or loaded burn-in boards. 

Don’t allow rubber/plastic floor mats in front of static con¬ 
trolled work benches. 

Don’t solvent-clean devices when loaded in antistatic sticks 
since this will remove antistatic inner coating from sticks. 

Don’t use antistatic sticks for more than one throughput 
process. Used sticks should not be reused unless recoated. 

Recommended Maintenance 
Procedures 


Perform visual inspection of ground wires and terminals 
on floor mats, bench tops, and. grounding receptacles to 
ensure that proper electrical connections via 1 megohm 
resistor (1 /2 watt) exist. 

Clean bench top mats with a soft cloth or paper towel 
dampened with a mild solution of detergent and water. 

Weekly: 

Damp mop conductive floor mats to remove any accumu¬ 
lated dirt layer which causes high resistivity. 

Annually: 

Replace nuclear elements for ionized air blowers. 

Review ESD protection procedures and equipment for up¬ 
dating and adequacy. 

Static Controlled Work Station 

The figure below shows an example of a work bench prop¬ 
erly equipped to control electro-static discharge. Note that 
the wrist strap Is connected to a 1 megohm resistor. This 
resistor can be omitted in the setup If the wrist strap has a 
1 megohm assembled on the cable attached. 


WRIST STRAP GROUND 
LEAD IS ATTACHED TO 

CONDUCTIVE BENCH TOP CONDUCTIVE BENCH TOP 


CONDUCTIVE WRIST 
STRAP 


ESD WARNING SYMBOLS 





I CONDUCTIVE FLOOR MAT 


BUILDING FLOOR 


GROUND. i.e. COLD WATER 
PIPE OR EQUIVALENT 


R = 1 MEGOHM 
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Harris Digital 1C Technologies 


Self Aligned Junction Isolation (SAJI) 

The most prevalent CMOS Technology was patented 
by Harris (#4,135,955) and has been in production at 
Harris since 1980. It Incorporates self-aligned guard 
ring techniques and more recently planarization prior 
to first metal into the traditional complementary tran¬ 
sistor structures. 

The process begins on 1-0-0 N- type silicon, 
although a process option is available with N epi over 
N-i-+ starting material to eliminate circuit latch-up due 
to parasitic SCR action. A sequence of oxidation, 
photo resist delineation. Boron implant and diffusion 
create the P well for the N channel devices. A critical 
feature of the diffusion causes all of the silicon crystal 
defects to be annihilated, resulting In a defect free 
zone for the transistors to be fabricated. 

Next, silicon nitride Is deposited and etched to define 
the active NMOS and PMOS areas followed by 
Implants which create the self aligned guard rings 
around the active devices. These guard rings provide 
electrical isolation between transistors and also raise 
the field thresholds of the parasitic MOS devices to 
allow leakage-free circuit operation. The self aligning 
of these guard rings allows a substantial reduction In 
circuit area. 

Following is the local oxidation and the conventional 
formation of the poly gate MOS transistors. The elec¬ 
trical channel length of these all implanted devices Is 
1.5 micron. 

The field oxide and metalization structure are based 
on a time proved reflowed glass process with one 
Important improvement. Prior to metal deposition the 
surface is planarized and the walls of the contacts 
are sloped which creates a final topography with 
excellent interconnect step coverage. The aluminum 
interconnect Is silicon doped to prevent contact 


spiking and improved reliability. The passivation, 
metalization and layout rules guarantee electro- 
migration free operation at +125^0 for over ten years. 

The principal advantages of the process can be sum¬ 
marized as: • Low leakage operation 

• Latch-up free option 

• Good packing density 

• Excellent step coverage 

• Electromigration free designs 

This process has been successfully applied to numer¬ 
ous designs including static RAMs, microprocessors, 
peripherals, and custom ROM circuits. 


A newer, higher performance process, named L7, 
builds on and enhances the basic CMOS technology. 
This 1.5 micron process has several advantages over 
the older 2.5 micron version. The epi over N-I-+ start¬ 
ing material is standard with the epi thickness being 
scaled down In concert with the P well and device 
junctions. This brings even more latch-up Immunity to 
all circuits on this technology. 

Transistors achieve electrical channel lengths of 1.0|i 
typical with the N channel incorporating a double dif¬ 
fused LDD structure which eliminates susceptibility to 
hot electron damage. Of greatest impact is the use of 
a planarized double layer metal structure allowing 
greater layout freedom without introducing step cov¬ 
erage or electromigration concerns. The low stress 
oxinitride passivation provides moisture protection in 
plastic packages. 

The L7 process with its added features has been suc¬ 
cessfully employed on numerous semicustom and 
standard cell designs as well as supplying production 
quantities of the 80C286 microprocessor. 


SOURCE METAL 


DRAIN METAL 



GATE OXIDE 


FIGURE 3. SILICON-GATE PFET STRUCTURE 
CROSS-SECTION SHOWS THE HEAVILY DOPED SOURCE AND 
DRAIN REGION. THEY ARE SEPARATED BY THE NARROW GAP 
OVER WHICH LIES A THIN-GATE OXIDE AND GATE MATERIAL 
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Packaging Techniques 


Harris Semiconductor offers Leadless Chip Carriers 
(LCC) as a packaging option on various Digital 
integrated circuits. An LCC is a square or rectangular 
package for an Integrated Circuit (1C) that is manu¬ 
factured In the same manner as a conventional 
side-braze dual-in-line package (DIP). The LCC is 
comprised of the cavity and seal ring section of a 
standard DIP and offers the user a means of achiev¬ 
ing high density system configurations while retaining 
the reliability benefits of hermetic 1C Packaging. 
Figure 1 provides a comparison of the construction of 
an LCC and a conventional side-braze DIP. 

DIP CHIP CARRIER 




EXTERNAL CONTACTS 



The chart indicates a 220% improvement in packag¬ 
ing area for the 18 lead LCC, and 542% improvement 
for the 48 lead LCC. Obviously, sizeable savings in 
circuit board area can be achieved with this packag¬ 
ing option. The second major advantage of the LCC is 
in electrical performance. The package size and 
geometry also dictates trace length and uniformity. 
Figure 2 provides a comparison between the trace 
lengths for various LCCs and side-braze DIPs. As pin 
count goes up, trace lengths get longer, adding re¬ 
sistance and capacitance unequally around the pack¬ 
age. As ICs get faster and more complex these factors 
start to become a limiting factor on performance. 
LCCs minimize this effect by maintaining, as close as 
possible, uniform trace length so that the package is a 
significantly smaller determinant of system perform¬ 
ance. 



EXTERNAL CONTACT PADS ^ 




FIGURE 1. EXPLODED VIEW OF CHIP CARRIER AND DIP 

The LCC’s two principle advantages over convention¬ 
al side-braze DIPs are packaging density and electri¬ 
cal performance. Packaging density is the number 
one advantage to an LCC over a side-braze DIP. The 
size of a DIP Is governed primarily by the number of 
leads required and not by the size of the IC. As pin 
count increases, more and more of the DIP package 
is used only to provide an electrical trace path to the 
external leads. The size of an LCC is dependent on 
the size of the die not on the number of leads. As pin 
count Increases, overall size increases but at a much 
slower rate. Table 1 provides a comparison between 
the areas of 18, 28 and 48 lead LCCs to 18, 28 and 
48 lead side-braze DIPs. 

TABLE 1. 


LEAD 

COUNT 

LCC 

AREA 

DIP 

AREA 

DIP AREA vs. 
LCC AREA 

18 

0.10 

0.22 

220% 

28 

0.20 

0.84 

420% 

48 

0.31 

1.68 

542% 


LEAD 

COUNT 

LONGEST TRACE DIP 
LONGESTTRACELCC 

LONGEST TRACE 
SHORTESTTRACE 



LCC 

DIP 

18 

2:1 

1.5:1 

6:1 

24 

4:1 

1.5:1 

3:1 

40 

5:1 

1.5:1 

6:1 

54 

6:1 

1.5:1 

7:1 


FIGURE 2. ELECTRICAL PERFORMANCE 
(RESISTANCE AND SPEED) 

The LCC also offers environmental advantages over 
“chip-and-wire” manufacturing techniques used in 
high density hybrid circuits. An IC can be fully tested, 
burned-in and processed In an LCC, thereby guaran¬ 
teeing its performance. 

The IC Is further protected by a small hermetic pack¬ 
age in which internal vapor content can be carefully 
controlled during production. 

Harris Semiconductor Leadless Chip Carriers In both 
Ceramic and Epoxy provide reliable, high density, 
high performance packaging options for today’s sys¬ 
tems. 

Consult the factory or your Harris sales representative 
for pricing and availability. 



(All Units in Square Inches) 
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Ordering Information 


Harris Semiconductor products are represented by an 
extensive network of factory sales personnel, sales 
representatives, and authorized distributors throughout the 
world. Please contact your nearest sales office, 
representative, or distributor for product information, pricing, 
ordering, or delivery details. A complete list of sales offices 
is available by contacting the Harris Semiconductor literature 
department at (407) 724-3739. Headquarters are also listed 
at the end of this book. 


Product Code 

Harris products are designated by a “Product Code”. This 
code includes designators for the product family, device type, 
performance grade, temperature grade and package style. 
Examples of the product codes are shown below: 


80CXXX MICROPROCESSOR/PERIPHERAL PRODUCT CODE 


80C86 


TEMPERATURE RANGE 

C: 0°C to +70°C 
I: -40°C to +85°C 
M: -55°Cto+125®C 
X: +25°C 


PART NUMBER 

80CXXX: CMOS Microprocessor 
82CXXX: CMOS Peripheral 


ENHANCED SCREENING 

/B: -55®C to +125°C with Burn-In 
m3: Fully Compliant to MIL-STD-883C 


SPEED DESIGNATION 


D; Ceramic DIP 
G: Pin Grid Array (PGA) 

P: Plastic DIP 

R: Leadless Chip Carrier (LCC) 

S: Plastic Leaded Chip Carrier (PLCC) 
X: Unpackaged Device 


PERIPHERALS 
5: 5MHz 
Blank: 8MHz 
10: 10MHz 
12: 12.5MHz 


MICROPROCESSORS 
Blank: 5MHz 
2: 8MHz 
10: 10MHz 
12: 12.5MHz 
16: 16MHz 
20: 20MHz 
25: 25MHz 


MEMORY/PERIPHERAL PRODUCT CODE 


65162 


PREFIX 

H (Harris) 


1 

T 


PERFORMANCE 

PACKAGE 

GRADE 

1: Ceramic DIP 

B: High Performance 

3: Plastic DIP 

C: Relaxed Specification 

4: Leadless Chip Carrier 

S: Very High Speed 

(LCC) 


5: Ceramic Substrate 


6 : Slimline 


9P: Small Outline (SOIC) 


0: Chip Form 



D: Digital 
M: Memory 
S: ARINC 


PART NUMBER 

155XX: CMOS Manchester Encoder/ 
Decoder (MED) 

3X82: ARINC 

47/64XX: CMOS UART/MED 
65XXX: CMOS RAM 
66 XX: CMOS PROM 
88 XX: CMOS RAM Module 


TEMPERATURE 

5: 0°Cto+70°C 

6 : 100% 25°C Probe (Dice Only) 

8 : -55°C to +125°C with Burn-In 
9: -40°Cto+85®C 

/883: Fully Compliant to MIL-STD-883C 
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Ordering Information 


CDP1800-SERIES PRODUCT CODE 


CDP1802AC 

E 

X 

1 

T 

T 

PART NUMBER 

PACKAGE 

ENHANCED SCREENING 

CDP18XX: Microprocessor/Peripheral/RAM 
MWS51XX: RAM 

D: Side-Brazed Ceramic DIP 

E: Plastic DIP 

X: -40°C to +86®C with Burn-In 
/3: -55®C to+125°C with Burn-In 


Q: Plastic Leaded Chip Carrier 
(PLCC) 


ICL/ICM/IMXXXX PRODUCT CODE 


ICM 7170 I P G 



PART NUMBER PACKAGE 

B: Small Outline (SOIC) 

D: Side-Brazed Ceramic DIP 
J: Ceramic DiP 
P: Piastic DiP 
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Package Availability 


PART NUMBER 


DATA COMMUNICATIONS (Continued) 


HD-4702 


HD-6402 


HD-6408 


HD-6409 


HS-3182 


HS-3282 


ICL232 


82C50A 


82C52 


MEMORY 


CDP1821C 


CDP1822, CDP1822C 


CDP1823, CDP1823C 


CDP1824, CDP1824C 


CDP1826C 


HM-6504 


HM-6508 


HM-6514 


HM-6516 


HM-65162 


HM-6518 


HM-65262 


HM-6561 


HM-6561 


HM-65642 


HM-6617 


HM-6642 


IM-6654 


MWS5101 


MWS5114 


CERAMIC DIP 


16 LEAD MSI 


40 LEAD 


24 LEAD 


20 LEAD 


16 LEAD* 


40 LEAD 


16 LEAD 


40 LEAD 


28 LEAD 


16 LEAD* 


22 LEAD* 


24 LEAD* 


18 LEAD* 


22 LEAD* 


18 LEAD 


16 LEAD LSI 


18 LEAD 


24 LEAD 


24 LEAD 


18 LEAD 


20 LEAD 


22 LEAD 


18 LEAD 


28 LEAD 


24 LEAD*** 


24 LEAD*** 


24 LEAD* 


22 LEAD* 


18 LEAD* 


PLASTIC DIP 


16 LEAD 


40 LEAD 


24 LEAD 


20 LEAD** 


22 LEAD 


24 LEAD 


18 LEAD 


22 LEAD 


18 LEAD 


16 LEAD 


18 LEAD 


24 LEAD 


24 LEAD 


18 LEAD 


20 LEAD 


22 LEAD 


18 LEAD 


28 LEAD 


22 LEAD 


18 LEAD 


CERAMIC LEADLESS 
CHIP CARRIER 


PLASTIC LEADED 
CHIP CARRIER 



18 LEAD 


32 LEAD RECT. 


32 LEAD RECT. 



32 LEAD RECT. 


32 LEAD RECT. 


28 LEAD 




Dual-in-Une Metal-Seal Ceramic Package (Side-Braze). 
Available in Plastic DIP and SOIC. 

Available In Slim and Wide DIP. 


PART NUMBER 

1 MODULE SUBSTRATE 

RAM MODULES 

HM-6564 

40 LEAD 

HM-8808.A 

28 LEAD 

HM-8816H 

28 LEAD 

HM-8832 

28 LEAD 

HM-92560 

48 LEAD 

HM-92570 

48 LEAD 

HM-91M2 

48 LEAD 
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Package Outlines 


Dual-In-Line Glass-Sealed Ceramic Package, 0.300 





* End leads are half leads where B remains the same and B1 is 0.035 - 0.045. 

•* Dimensions B and C maximum limits are increased by 0.003 for solder dip finish. 

Dual-ln-Line Glass-Sealed Ceramic Package, 0.400 


LEAD COUNT 


22 


DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 

A B1 C* D E El e 


0.225 


* Dimensions B and C maximum limits are increased by 0.003 for solder dip finish. 

Dual-ln-Line Giass-Seaied Ceramic Package, 0.600 





LEAD COUNT 


24 


DIM. DIM. 
L LI 


DIM. 

DIM. 

DIM. 

S 

SI 

a 


0.060 0.098 


0.005 0° 

0.098 I - 15° 


0.005 0° 
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Duai-ln-Line Metal-Seal Ceramic Packages 



18 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015-AD) 



NOTES: 

1 . Controlling dimension: Inch. In case of conflict between English and 
metric dimensions, the inch dimensions control. 

2. Dimensioning and Tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MS Series Symbol List" in Section 2.2 of 
publication No. 95. 

4. Dimensions A, Ai and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. Dimension A includes the lid 
thickness, and may increase to 0.260 inches maximum when an 
EPROM IkJ is used. 

5. D and E^ dimensions do not include particles (burrs and/or projec¬ 
tions) of package material. Such particles shall not exce^ 0.010 
inches (0.25mm) per side, includes allowances for glass overrun and 
meniscus, and lid-to-base mismatch. 


16 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-01 SAC) 



22 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015-BB)_ 


6 . Eand e^ are measured with the leads constrained to be perpendic¬ 
ular to plane C. 

7. e 0 and eQ are measured at the lead tips with the leads unconstrained. 

8 . N is the maximum number of terminal leads. 

9. Maximum lead thickness includes all lead finishes. Minimum base 
material shall be 0.009 inches thick. 

10. Any raised irregularity on the top surface (step. mass, etc.) shall be 
symmetrical about the lateral and longitudinal package centerlines. 

1 1 . Maximum fillet, including solder coat, if any. 

12. Measured from the top of the ceramic body to the nearest 
metallization or lead. 

13. Measured from the end of the ceramic body to the nearest 
metallization or lead. 



INCHES 


MAX 



0.100 BSC 


0.400 BSC 


0.125 0.200 


22 


0.005 



MILLIMETERS 
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Dual-In-Line Metal-Seal Ceramic 
Packages (Continued) 

n rn>i 


24 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015CA) 

I I INCHES I MILLIMETERS I 



8 ^ 1^1.0000 -.0301.76) HAX1C| A<S 

8 k |.0<0(1.02)(aC|A(glB(li 

n.oio(o.2S)0ra 


MIN 

MAX 

MIN 

MAX 

0.085 

0.200 

2.16 

5.08 

0.025 

0.070 

0.64 

1.78 

0.015 

0.022 

0.38 

0.56 

0.045 

0.065 

1.14 

1.65 

0.009 

0.015 

0.23 

0.38 

1.180 

1.220 

29.97 

30.99 

0.600 

0.625 

15.24 

15.88 

0.580 

0.610 

14.73 

15.49 

0.100 BSC 

2.54 BSC 

0.600 BSC 

15.24 BSC 

0.125 

1 0.200 

1 3.18 

1 5.08 




28 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015-CB) 


INCHES 


SYMBOL 

A 

Ai 

B 

Bj 

C 

D 

E 

El 

e 

Qa 

L 

N 

Qj 

ee 

ec 

Si 


40 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015-CE) 


INCHES 


MILLIM ETERS I 

MAX I NOTES 


5.08 


1.78 


0.56 I 9 


1.65 



1 . Controlling dimension; Inch. In case of conflict between English and 
metric dimensions, the inch dimensions control. 

2. Dimensioning and Tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the "MS Series Symbol List” in Section 2.2 of 
publication No. 95. 

4. Dimensions A, A^ and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. Dimension A includes the IkJ 
thickness, and may increase to 0.260 inches maximum when an 
EPROM lid is used. 

5. D and E^ dimensions do not include particles (burrs and/or projec¬ 
tions) of package material. Such particles shall not exceed 0.010 
inches (0.25mm) per side. Includes allowances for glass overrun and 
meniscus, and lid-to-base mismatch. 


6 . Eand e^^ are measured with the leads constrained to be perpendic¬ 
ular to plane C. 

7. e 3 and eQ are measured at the lead tips with the leads unconstrained. 

8 . N is the maximum number of terminal leads. 

9. Maximum lead thickness includes all lead finishes. Minimum base 
material shall be 0.009 inches thick. 

10. Any raised irregularity on the top surface (step, mass, etc.) shall be 
symmetrical about the lateral and bngitudinal package centerlines. 

11 . Maximum fillet, including solder coat, if any. 

12. Measured from the top of the ceramic body to the nearest 
metallization or lead. 

13. Measured from the end of the ceramic body to the nearest 
metallization or lead. 
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Dual-In-Line Plastic Packages 




•I 010( 25) C I A leg 

nCURE 1 




16 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-001-AA) 


SYMBOL 

A 

Ai 

^2 

B 

Bi 

C 

D 

Dl 

i 


INCHES 1 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.210 

- 

5.33 

0.015 

- 

0.39 

- 

0.115 

0.195 

2.93 

4.95 

0.014 

0.022 

0.356 

0.558 

0.045 

0.070 

1.15 

1.77 

0.008 

0.015 

0.204 

0.381 

0.745 

0.840 

18.93 

21.33 

0.005 

- 

0.13 

- 

0.300 

0.325 

7.62 

8.25 

0.240 

0.280 

6.10 

7.11 

0.100 BSC 

2.54 BSC 

0.300 BSC 

7.62 BSC 

0.430 

10.92 


0.115 I 0.160 
16 


18 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-001-AD) 




20 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-001-AE) 





NOTES: 

1. Controlling Dimensions: Inch. In case of conflict between English and 
Metric dimensions, the inch dimensions control. 

2. Dimensioning and toierancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication No. 95. 

4. Dimensions A, A-| and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 

5. D and E-j dimensions do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed 0.010 inch (0.25mm). 


6. Eand e/^ are measured with the leads constrained to be perpen¬ 
dicular to plane C. 

7. bq and bq are measured at the lead tips with the leads uncon 
strained, bq must be zero or greater. 

8. N is the maximum number of terminal positions. 

9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as shown 
in Figure 2. 
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Dual-ln-Line Plastic Packages (Continued) 






22 LEAD DUAL>IN-LINE PLASTIC PACKAGE 
(JEDEC MS>010-AA) 


SYMBOL 

A 

Aj 

A2 

B 

Bi 

C 

D 

Dl 

E 

El 

e 

Sa 

ee 

L 

N 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

- 

0.210 

- 

5.33 

0.015 

- 

0.39 

- 

0.125 

0.195 

3.18 

4.95 

0.014 

0.022 

0.356 

0.558 

0.030 

0.070 

0.77 

1.77 

0.008 

0.015 

0.204 

0.381 

1.050 

1.120 

26.67 

28.44 

0.005 

- 

0.13 

- 

0.390 

0.425 

9.91 

10.79 

0.330 

0.380 

8.39 

9.65 

0.100 BSC 

2.54 BSC 

0.400 BSC 

10.16 BSC 

0.500 

- 

12.70 


24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-011-AA) 


INCHES 


MILLIMETERS 


28 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-011-AB) 


INCHES 


MILLIMETERS 


MIN 


MAX I NOTES 


6.35 



NOTES: 

1. Controlling Dimensions: inch 

In case of conflict between English and Metric dimensions, the inch 
dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol Lisf in Section 2.2 of 
Publication No. 95. 

4. Dimensions A. A^ and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 

5. D and El dimensions do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed 0.010 inch (0.25mm). 


6. E and e^^ are measured with the leads constrained to be perpen¬ 
dicular to plane C. 

7. eg and e^ are measured at the lead tips with the leads uncon¬ 
strained. bq must be zero or greater. 

8. N is the maximum number of terminal positions. 

9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as shown 
in Rgure 2. 
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Dual-ln-Line Plastic Packages (continued) 



nauRE 1 


NOTES: 

1. Controlling Dimensions: Inch 

In case of conflict between English and Metric dimensions, the inch 
dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication No. 95. 

4. Dimensions A, A^ and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 

5. D and E1 dimensions do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed 0.010 inch (0.25mm). 


40 LEAD DUAL-IN-LiNE PLASTIC PACKAGE 


(JEDEC MS-011-AC) 



6. E and e;^ are measured with the leads constrained to be perpen¬ 
dicular to plane C. 

7. eg and bq are measured at the lead tips with the leads uncon¬ 
strained. bq must be zero or greater. 

8. N is the maximum number of terminal positions. 

9. Corner leads (1. N, N/2 and N/2 + 1) may be configured as shown 
In Rgure 2. 
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Small Outline (SO) Plastic Packages 

13 R R H' F,__^_ 

(■otoia)|a<M 

frgi /rn" 



-J^L 


^0- 


IISBEDEEQlEil 



16 LEAD DUAL-IN-LINE SMALL OUTLINE PLASTIC PACKAGE 
(JEDEC MS-013-AA) _ 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A * 0.0926 "1).1043 2.35 2.65 ~ 

0.0040 0.0118 0.10 0.30 - 

B 0.0138 0.020 035 0.508 

C 0.0091 “^0.0125 0.23 0.32 

D 0.3977 0.4133 10.10 10.50 4 


E 


H 

0.394 

0.419 

10.00 

10.65 

’ 

h 

0.010 

0.029 

0.25 

0.75 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 


20 LEAD DUAL-IN-LINE SMALL OUTLINE PLASTIC PACKAGE 
(JEDEC MS-013-AC) 


24 LEAD DUAL-IN-LINE SMALL OUTLINE PLASTIC PACKAGE 
(JEDEC MS-013-AD) 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.0926 

0.1043 

2.35 

2.65 

0.0040 

0.0118 

0.10 

0.30 

0.013 

0.0200 

0.33 

0.51 

0.0091 

0.0125 

0.23 

0.32 

0.4961 

0.5118 

12.60 

13.00 

0.2914 

0.2992 

7.40 

7.60 

0.050 BSC 1 

1 1.27 BSC 

0.394 

0.419 

10.00 

10.65 

0.010 

0.029 

0.25 

0.75 

0.016 

0.050 

0.40 

1.27 

20 1 

1 20 

0° 

8° 

0° 

8° 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.0926 

0.1043 

2.35 

2.65 

0.0040 

0.0118 

0.10 

0.30 

0.0138 

0.0200 

0.35 

0.508 

0.0091 

0.0125 

0.23 

0.32 

0.5985 

0.6141 

15.20 

15.60 

0.2914 

0.2992 

7.40 

7.60 

0.050 BSC 1 

1 1.27 BSC 

0.394 

0.419 

10.00 

10.65 

0.010 

0.029 

0.25 

0.75 

0.016 

0.050 

0.40 

1.27 

_24_1 

1_24_ 

0° 

8° 

0° 

8° 


NOTES: 

1. Refer to applicable symbol list. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, profusions or gate burrs. 
Mold flash, profusion and gate burrs shall not exceed 0 15mm (0.(X)6 
in.) per side. 

4. Dimension “E” does not include interlead flash or profusions. 
Interlead flash and protrusions shall not exceed 0.25mm (0 010 in) 
per side. 

5. The chamfer on the body is optional. If it is not present, a visual index 
feature must be located within the crosshatched area. 


6. “L” is the length of terminal for soldering to a substrate. 

7. “N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width “B", as measured 0.36mm (0.014 in.) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 in) 

10. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 


9-13 


ORDERING AND 
PACKAGING 






















































































































































































































































Plastic Leaded Chip Carrier Packages 

0.042 (1 07) 0 042 (1.07) 

804i ii i2) oos*(i.«)_ 

I PIM(1)I0INT . p- |Q|0 004(0 to) 



J OiMENSIONIO FROW 
3 CENTER TO CENTER 
OF RADII 


OF THE BASIC INCH DIMENSIONS MIN. 



0.013(0 33) 

J^oo4i|6T« 


20 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AA) 


SYMBOL 

Ai 

D 

Di 

D2 

D3 

E 

El 

Eg 

E3 

N 


INCHES 1 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.165 

0.180 

4.20 

4.57 

0.090 

0.120 

2.29 

3.04 

0.385 

0.395 

9.78 

10.03 

0.350 

0.356 

8.89 

9.042 

0.290 

0.330 

7.37 

8.38 

0.200 REF 1 

1 5.08 BSC 

0.385 

0.395 

9.78 

10.03 

0.350 

0.356 

8.89 

9.042 

0.290 

0.330 

7.37 

8.38 

0.200 REF 

5.08 BSC 


28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AB) 


44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AC) 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.165 

0.180 

4.20 

4.57 

0.090 

0.120 

2.29 

3.04 

0.485 

0.495 

12.32 

12.57 

0.450 

0.456 

11.430 

11.582 

0.390 

0.430 

9.91 

10.92 

0.300 REF 1 

1 7.62 BSC 

0.485 

0.495 

12.32 

12.57 

0.450 

0.456 

11.430 

11.582 

0.390 

0.430 

9.91 

10.92 

0.300 REF 

7.62 BSC 


68 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AE) 


SYMBOL 

A 

A, 

D 

Di 

D2 

Da 

E 

El 

Eg 

Ea 

N 


INCHES 1 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.165 

0.200 

4.20 

5.08 

0.090 

0.130 

2.29 

3.30 

0.985 

0.995 

25.02 

25.27 

0.950 

0.958 

24.13 

24.33 

0.890 

0.930 

22.61 

23.62 

0.800 REF 1 

20.32 BSC 

0.985 

0.995 

25.02 

25.27 

0.950 

0.958 

24.13 

24.33 


0.930 22.61 


0.800 REF 

ei 


20.32 BSC 
68 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.165 

0.180 

4.20 

4.57 

0.090 

0.120 

2.29 

3.04 

0.685 

0.695 

17.40 

17.65 

0.650 

0.656 

16.510 

16.662 

0.590 

0.630 

14.99 

16.00 

0.500 REF 1 

1 12.70 BSC 

0.685 

0.695 

17.40 

17.65 

0.650 

0.656 

16.510 

16.662 

0.590 

0.630 

14.99 

16.00 


0.500 REF 


44 


12.70 BSC 


44 


NOTES: 

1. To be determined at seating plane. 

2. Dimensions DI and El do not include mold protrusions. 
Allowable mold protrusion is 0.254mm/0.010 in. 

3. “N" is the number of terminal positions. 

4. Controlling dimensions: Inch. 
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A complete and current listing of all Harris Sales, Representative and Distributor locations worldwide is available. Please order the 
Harris Sales Listing, BR-007 from the Literature Center or Harris AnswerFAX (see page i). 

HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 


U.S. HEADQUARTERS 

Harris Semiconductor 
2401 Palm Bay Road N. E. 

Palm Bay, Florida 32905 
TEL (407) 724-7000 

SOUTH ASIA 

Harris Semiconductor H.K. Ltd 
13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon Hong Kong 
TEL (852) 723-6339 


EUROPEAN HEADQUARTERS 

Harris Semiconductor 
Mercure Center 
100, Rue de la Fusee 
1130 Brussels, Belgium 
TEL: 32 2 724 21 11 
NORTH ASIA 
Harris K.K. 

Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo 102 Japan 
TEL: (81) 3-3265-7571 
TEL: (81) 3-3265-7572 (Sales) 


HARRIS TECHNICAL ASSISTANCE AVAILABILITY: 
UNITED STATES 


CALIFORNIA Costa Mesa.714-433-0600 

San Jose. 408-985-7322 

FLORIDA Palm Bay. 407-729-4984 

GEORGIA Duluth. 404-476-2035 

ILLINOIS Schaumburg. 708-240-3480 

INDIANA Carmel. 317-843-5180 

MASSACHUSETTS Burlington. 617-221-1850 

NEW JERSEY Voorhees. 609-751-3425 

NEW YORK Hauppauge. 516-342-0291 

Wappingers Falls.914-298-1920 

TEXAS Dallas. 214-733-0800 

INTERNATIONAL 


FRANCE Paris.33-1 -346-54046 

GERMANY Munich.49-89-63813-0 

HONG KONG Kowloon. 852-723-6339 

ITALY Milano.39-2-262-0761 

JAPAN Tokyo.81-3-3265-7571 

KOREA Seoul.82-2-551-0931 

SINGAPORE Singapore. 65-291-0203 

TAIWAN Taipei.886-2-716-9310 

UNITED KINGDOM Camberley.44-2-766-86886 


For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS), 
or for immediate fax service using Harris AnswerFAX dial 407-724-7800 
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SALES OFFICES 





























North American Sales Offices and Representatives 


December 1994 


ALABAMA 

Harris Semiconductor 
600 Boulevard South 
Suite 103 

Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 
Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


ARIZONA 

Compass Mktg. & Sales, Inc. 
11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 
TEL: (602) 996-0635 
FAX: 602 996 0586 
P.O. Box 65447 
Tucson, AZ 85728 
TEL: (602) 577-0580 
FAX: 602 577 0581 


CALIFORNIA 
Harris Semiconductor 

* 1503 So. Coast Drive 
Suite 320 

Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 
Harris Semiconductor 

* 3031 Tisch Way 
1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 
CK Associates 
8333 Clairemont Mesa Blvd. 
Suite 102 

San Diego, CA 92111 
TEL: (619) 279-0420 
FAX: 619 279 7650 
Ewing Foley, Inc. 

185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 
Ewing Foley, Inc. 

895 Sherwood Lane 
Los Altos, CA 94022 
TEL: (415) 941-4525 
FAX: 415 941 5109 
Vision Technical Sales, Inc. 

* 26010 Mureau Road 
Suite 140 

Calabasas, CA 91302 
TEL: (818) 878-7955 
FAX: 818 878 7965 


CANADA 

Blakewood Electronic 
Systems, Inc. 

#201 - 7382 Winston Street 
Burnaby, BC 
Canada V5A 2G9 
TEL: (604) 444-3344 
FAX: 604 444 3303 


Clark Hurman Associates 
Unit 14 

20 Regan Road 
Brampton, Ontario 
Canada L7A IC3 
TEL: (905) 840-6066 
FAX: 905 840-6091 
308 Palladium Drive 
Suite 200 
Kanata, Ontario 
Canada K2B 1A1 
TEL: (613) 599-5626 
FAX: 613 599 5707 
78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 
TEL: (514) 426-0453 
FAX: 514 426 0455 


COLORADO 

Compass Mktg. & Sales, Inc. 
5600 So. Quebec St. 

Suite 350D 

Greenwood Village, CO 80111 
TEL: (303) 721-9663 
FAX: 303 721 0195 


CONNECTICUT 
Advanced Tech. Sales, Inc. 

Westview Office Park 
Bldg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (508) 664-0888 
FAX: 203 284 8232 


FLORIDA 

Harris Semiconductor 
* 2401 Palm Bay Rd. 

Palm Bay, FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 
Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 
FAX: 407 723 3845 
Sun Marketing Group 
4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 
TEL: (813) 536-5771 
FAX: 813 536 6933 
Sun Marketing Group 
600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (305) 429-1077 
FAX: 305 429 0019 


GEORGIA 

Giesting & Associates 
* 2434 Hwy. 120, Suite 108 
Duluth, GA30136 
TEL: (404) 476-0025 
FAX: 404 476 2405 


ILLINOIS 

Harris Semiconductor 
* 1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 619 1511 


Oasis Sales 
1101 Tonne Road 
Elk Grove Village, IL 60007 
TEL: (708) 640-1850 
FAX: 708 640 9432 


INDIANA 

Harris Semiconductor 
* 11590 N. Meridian St. 
Suite 100 
Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 
Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 
TEL: (317) 844-5222 
FAX: 317 844 5861 


IOWA 

Oasis Sales 
4905 Lakeside Dr., NE 
Suite 203 

Cedar Rapids, lA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


KANSAS 

Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 


KENTUCKY 
Giesting & Associates 
204 Pintail Court 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


MARYLAND 
New Era Sales, Inc. 

890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 
TEI: (410) 761-4100 
FAX: 410 761-2981 


MASSACHUSETTS 
Harris Semiconductor 
* Six New England Executive Pk. 
Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 221 1866 
Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 
N. Reading, MA 01864 
TEL: (508) 664-0888 
FAX; 508 664 5503 


MICHIGAN 

Harris Semiconductor 

* 27777 Franklin Rd., Suite 460 
Southfield, Ml 48034 
TEL: (810) 746-0800 
FAX: 810 746 0516 
Giesting & Associates 
34441 Eight Mile Rd., Suite 113 
Livonia, Ml 48152 
TEL: (810) 478-8106 
FAX: 810 477 6908 


Field Application Assistance Available 


Giesting & Associates 
1279 SkyhillsN.E. 
Comstock Park, Ml 49321 
TEL; (616) 784-9437 
FAX: 616 784 9438 


MINNESOTA 
Oasis Sales 

7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


MISSOURI 

Advanced Tech. Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
TEL: (314) 291-5003 
FAX: 314 291 7958 


NEBRASKA 

Advanced Tech. Sales, Inc. 

601 North Mur-Len, Suite 8 
Olathe, KS 66062 
TEL; (913) 782-8702 
FAX: 913 782 8641 


NEW JERSEY 
Harris Semiconductor 

* Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 
TEL; (609) 751-3425 
FAX: 609 751 5911 
Harris Semiconductor 
724 Route 202 
P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 
Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


NEW MEXICO 

Compass Mktg. & Sales, Inc. 
4100 Osuna Rd., NE, Suite 109 
Albuquerque, NM 87109 
TEL: (505) 344-9990 
FAX; 505 345 4848 


NEW YORK 
Harris Semiconductor 

Hampton Business Center 
1611 Rt.9,SuiteU3 
Wappingers Falls, NY 12590 
TEL; (914) 298-0413 
FAX: 914 298 0425 
Harris Semiconductor 
* 490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0219 
FAX: 516 342 0295 
Foster & Wager, Inc. 

300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 
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North American Sales Offices and Representatives (Continued) 
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* Field Application Assistance Available 
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North American Authorized Distributors (Continued) 


December 1994 


Wyle Laboratories 

Catabasas 

TEL: (818) 880-9000 

Irvine 

TEL: (714) 863-9963 
Rancho Cordova 
TEL: (916) 638-5282 
San Diego 
TEL: (619) 665-9171 
Santa Clara 
TEL: (408) 727-2600 
Zeus, An Arrow Company 
San Jose 

TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 
Irvine 

TEL: (714)921-9000 
TEL: (800) 52-HI-REL 


CANADA 
Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 
Oorval, Quebec 
TEL: (514)421-7411 
Nepan, Ontario 
TEL: (613) 226-6903 
Mississagua. Ontario 
TEL: (905) 670-7769 
Parnell Electronic Services 
Burnaby. British Columbia 
TEL: (604) 291-8866 
Calgary, Alberta 
TEL: (403) 273-2780 
Concord, Ontario 
TEL: (416) 798-4884 
V. St. Laurent, Quebec 
TEL: (514) 335-7697 
Nepean. Ontario 
TEL: (613) 596-6980 
Winnipeg, Manitoba 
TEL: (204) 786-2589 
Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 
Montreal 

TEL: (514)335-1000 

Ottauia 

TEL: (613)226-1700 
Vancouver. B.C. 

TEL: (604) 420-4101 
Toronto 

TEL: (905) 564-6060 


COLORADO 
Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 
Hamilton Hallmark 
Denver 

TEL: (303) 790-1662 
Colorado Springs 
TEL: (719) 637-0055 
Wyle Laboratories 
Thornton 

TEL: (303) 457-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 
Alliance Electronics, Inc. 
Shelton 

TEL: (203) 926-0087 

Arrow/Schweber 

Wallingford 

TEL: (203) 265-7741 

Hamilton Hallmark 

Danbury 

TEL: (203) 271-2844 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


FLORIDA 
Arrow/Schweber 
Deerfield Beach 
TEL: (305) 429-8200 
Lake Mary 
TEL: (407) 333-9300 
Hamilton Hallmark 
Miami 

TEL: (305) 484-5482 
Orlando 

TEL: (407) 657-3300 
Largo 

TEL: (816) 541-7440 
Wyle Laboratories 
Fort Lauderdale 
TEL: (305) 420-0500 
St. Petersburg 
TEL: (813) 576-3004 
Zeus, An Arrow Company 
Lake Mary 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


GEORGIA 

Arrow/Schweber 

Duluth 

TEL: (404) 497-1300 
Hamilton Hallmark 
Atlanta 

TEL: (404) 623-5475 
Wyle Laboratories 
Duluth 

TEL: (404) 441-9045 
Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


ILLINOIS 

Alliance Electronics, Inc. 
Vernon Hills 
TEL: (708) 949-9890 
Arrow/Schweber 

T^^(708) 250-0500 
Hamilton Hallmark 
Chicago 

TEL: (708) 860-7780 
Newark Electronics, Inc. 
Chicago 

TEL: (312) 907-5436 


Wyle Laboratories 
Addison 

TEL: (708) 620-0969 
Zeus, An Arrow Company 
Itasca 

TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


INDIANA 

Arrow/Schweber 

Indianapolis 
TEL: (317) 299-2071 
Hamilton Hallmark 
Indianapolis 
TEL: (317) 872-8875 
Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


IOWA 

Arrow/Schweber 
Cedar Rapids 
TEL: (319) 395-7230 
Hamilton Hallmark 
Cedar Rapids 
TEL: (319) 362-4757 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KANSAS 

Arrow/Schweber 

Lenexa 

TEL: (913) 541-9542 
Hamilton Hallmark 
Kansas City 
TEL: (913) 888-4747 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MARYLAND 

Arrow/Schweber 

Columbia 

TEL: (301) 596-7800 
Hamilton Hallmark 
Baltimore 

TEL: (410) 988-9800 
Wyle Laboratories 
Columbia 

TEL: (410) 312-4844 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


MASSACHUSETTS 
Alliance Electronics, Inc. 
Winchester 
TEL: (617) 756-1910 
Arrow/Schweber 
Wilmington 
TEL: (508) 658-0900 
Gerber 
Norwood 

TEL: (617) 769-6000 
Hamilton Hallmark 
Peabody 

TEL: (508) 532-9893 
Wyle Laboratories 
Burlington 
(617) 272-7300 


Zeus, An Arrow Company 
Wilmington, MA 
TEL: (508) 658-4776 
TEL: (800) HI-REL 


MICHIGAN 

Arrow/Schweber 

Livonia 

TEL: (313) 462-2290 

Hamilton Hallmark 
Detroit 

TEL: (313)347-4271 
Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


MINNESOTA 
Arrow/Schweber 
Eden Prarie 
TEL: (612) 941-5280 
Hamilton Hallmark 
Minneapolis 
TEL: (612) 881-2600 
Wyle Laboratories 
Minneapolis 
TEL: (612) 853-2280 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MISSOURI 
Arrow/Schweber 
St. Louis 

TEL: (314) 567-6888 
Hamilton Hallmark 
St. Louis 

TEL: (314) 291-5350 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


NEW JERSEY 
Arrow/Schweber 
Marlton 

TEL: (609) 596-8000 
Pinebrook 

TEL: (201) 227-7880 
Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 
Parsippany 
TEL: (201)515-1641 
Wyle Laboratories 
Mt. Laurel 

TEL: (609) 439-9110 
Pine Brook 
TEL: (201) 882-8358 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NEW MEXICO 
Hamilton Hallmark 
Albuquerque 
TEL: (505) 828-1058 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


* Field /Application /Assistance Available 
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European Sales Offices and Representatives (Continued) 


December 1994 


FRANCE 

Harris Semiconducteurs SARL 

* 2-4, Avenue de I'Europe 
F - 78941 Velizy Cedex 
TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 139 46 40 54 

GERMANY 

Harris Semiconductor GmbH 

* Putzbrunnerstrasse 69 
D-81739 MOnchen 
TEL: 49 89 63813-0 
FAX: 49 89 6377891 

Harris Semiconductor GmbH 
Kleler Strasse 55-59 
D-25451 Quickborn 
TEL: 49 4106 50 02-04 
FAX: 49 4106 6 88 50 
Harris Semiconductor GmbH 
Wegener Strasse, 5/1 
D - 71063 Sindelfingen 
TEL: 49 7031 8 69 40 
FAX: 49 7031 87 38 49 
Ecker Michelstadt GmbH 
in den Dorfwiesen 2A 
Postfach 33 44 
D - 64720 Michelstadt 
TEL: 49 6061 22 33 
FAX: 49 6061 50 39 


Erwin W. Hildebrandt 

Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 60 65 
FAX: 49 2502 18 89 
FINK Handelsvertretung 
Laurinweg, 1 
D - 85521 Ottobrunn 
TEL: 49 89 6 09 70 04 
FAX: 49 89 6 09 81 70 
Hartmut Welte 
Hepbacher Strasse 11A 
D - 88677 Markdorf 
TEL: 49 7544 7 25 55 
FAX: 49 7544 7 25 55 

ISRAEL 

Aviv Electronics Ltd 

Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


ITALY 
Harris SRL 

* Viale Fulvio TestI, 126 
1-20092 Cinisello Balsamo, 
(Milan) 

TEL: 392 262 07 61 

(DistI & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 

FAX: 39 2 262 22 687 (Disti) 
39 2 262 22 158 (ROSE) 

NETHERLANDS 
Harris Semiconductor SA 
Benelux OEM Sales Office 
Kouterstraat 6 
NL - 5345 AR Oss 
TEL: 31 4120 38561 
FAX: 31 4120 34419 

SPAIN 
Elcos S. L. 

C/Avda. Europa, 301 B-A 
Spain 28224 Pozuelo de Alarcon 
Madrid 

TEL: 34 1 352 3052 
FAX: 34 1 352 1147 

TURKEY 

EMPA 

Besyol Londra Asfalti 
TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 599 3059 


UNITED KINGDOM 
Harris Semiconductor Ltd 
* Riverside Way 
Camberley 
Surrey GUI5 3YQ 
TEL: 44 276 686 886 
FAX: 44 276 682 323 
Laser Electronics 
Ballynamoney 
Greenore 
Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 
Comtech House 
Redgate Road 

South Lancashire Indust. Estate 
Ashton-ln-Makerfield 
Wigan WN4 8DT 
TEL: 44 942 274731 
FAX: 44 942 274732 
Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 555 751566 
FAX: 44 555 751562 


European Authorized Distributors 

AUSTRIA Eurodis Texim Electronics 

Avnet E2000 GmbH * Avenue des Croix de 

Waldhausenstrasse 19 Guerre 116 

A -1140 Wien B -1120 Brussels 

TEL: 43 1 9112847 TEL: 32 2 247 49 69 

FAX: 43 1 9113853 FAX: 32 2 215 81 02 

EBV Elektronik _ 


* Diefenbachgasse 35/6 
A-1150 Wien 

TEL: 43 1 8941774 
FAX: 43 1 8941775 
Eurodis Electronics GmbH 
Lamezanstrasse 10 
A -1232 Wien 
TEL: 43 1 610620 
FAX: 43 1 610625 
Spoerie Electronic 
Helligenstadter Str. 52 
A -1190 Wien 
TEL: 43 1 31872700 
FAX: 43 1 3692273 

BELGIUM 
Diode Belgium 

* Kelberg 11 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 
EBV Elektronik 

* Excelsiorlaan 35 

B -1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


DENMARK 
Avnet Nortec 

Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 42 84 2000 
FAX: 45 44 92 1552 
Ditz Schweitzer 
Vallensbaekvej 41 
Postboks 5 
DK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 

FINLAND 
Avnet Nortec 
Italahdenkatu, 18 
SF - 00210 Helsinki 
TEL: 358 061 318250 
FAX: 358 069 22326 
Bexab 

Sinimaentie IOC 
P.O. Box 51 
SF-02630 ESPOO 
TEL: 358.0.50 23 200 
FAX: 358.0.50 23 294 


FRANCE 

3D 

Zl des Glaises 
6/8 rue Ambroise Croizat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 
Arrow Electronique 
73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 05 96 
Avnet EMG France 

* 79, Rue Pierre Semard 
F-92320 Chatillon Sous Bagneux 
TEL: 33 1 49 65 25 00 

FAX: 33 1 49 65 25 39 
CCI Electronique 

* 5, Rue Marcellin Berthelot 
Zone Industrielle D'Antony 
BP 92 

F - 92164 Antony Cedex 
TEL: 33 1 46 74 47 00 
FAX: 33 1 40 96 92 26 


Harris Semiconductor 
Chip Distributors 

Edgetek/Rood Tech 

Zai De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 69 28 43 96 
TWX: 600333 
Elmo 

Z. A. De LaTuilerie 
B. P. 1077 

78204 Mantes-La-Jolie 
TEL: 331 34 77 16 16 
F/0<: 33 1 34 77 95 79 
TWX: 699737 
Hybritech CM (HCM) 

7, Avenue Juliot Curie 
F - 17027 LA Rochelle Cedex 
TEL: 33 46 45 12 70 
FAX: 33 46 45 04 44 
TWX: 793034 

EASTERN COUNTRIES 
HEV GmbH 

Alexanderplatz 6 
D-10178 Berlin 
TEL: 49 30 2483400 
FAX: 49 30 2483424 


Field Application /distance Available 
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European Authorized Distributors (Continued) 
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GERMANY 

Avnet/E2000 

Stahlgrubemng, 12 
D - 81829 Munchen 
TEL; 49 89 4511001 
FAX; 49 89 45110129 
EBV Eiektronik GmbH 
* Hans-Pinsel-Strasse 4 
D - 85540 Haar-bei-Munchen 
TEL; 49 89 45610-0 
FAX; 49 89 464488 
Eurodis Enatechnik 
Electronics GmbH 
Pascalkehre, 1 
D - 25451 Quickborn 
P.B. 1240 

D - 25443 Quickborn 
TEL; 49 4106 701-0 
FAX; 49 4106 701 268 
Indeg Industrie Eiektronik 
Emil Kommerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 
D - 66924 Pirmasens 
TEL; 49 6331 9 40 65 
FAX; 49 6331 9 40 64 
Sasco Semiconductor 
GmbH 

Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn-bei- 
Munchen 

TEL; 49 89 46 11-0 
FAX; 49 89 46 11-270 
Spoerle Electronic 
Max-Planck Strasse 1-3 
D - 63303 Dreieich-bei- 
Frankfurt 

TEL; 49 6103 3 04-0 
FAX; 49 6106 3 04-201 


GREECE 
Semicon Co. 

104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 

Aviv Electronics 
Hayetzira Street 4, Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS-43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


ITALY 

EBV Eiektronik 
‘ Via C. Frova, 34 
I - 20092 Cinisello Balsamo (Ml) 
TEL; 39266017111 
FAX: 39 2 660 17020 
Eurelettronica 
Via Enrico Fermi, 8 
I - 20090 Assago (Ml) 

TEL: 39 2 457 841 
FAX: 39 2 488 02 75 


Lasi Elettronica 
Viale Fulvio Testi 280 
I-20126 Milano 
TEL: 39 2 66 10 13 70 
FAX: 39 2 66 10 13 85 
Silverstar 

Viale Fulvio Testi 280 
I-20126 Milano 
TEL; 39 2 66 12 51 
FAX: 39 2 661013 59 


NETHERLANDS 

* Auriema Nederland BV 
Beatrix de Rijkweg 8 

NL - 5657 EG Eindhoven 
TEL: 31 40 502602 
FAX: 31 40 510255 

* Diode Spoerle 

Coltbaan 17 

NL - 3439 NG Nieuwegein 
TEL: 31 3402 912 34 
FAX: 31 3402 359 24 
Diode Spoerle 
Postbus 7139 
NL - 5605 JC Eindhoven 
TEL: 31 40 54 54 30 
FAX: 31 40 53 55 40 
EBV Eiektronik 

* Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 623 53 
FAX: 31 3465 642 77 


NORWAY 
Avnet Nortec 

Smedsvingen 4B 
Box 123 

N - 1364 Hvalstad 
TEL; 47 66 84 62 10 
FAX: 47 66 84 65 45 


PORTUGAL 
Amitron-Arrow 
Quinta Grande. Lote 20 
Alfragide 

P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SPAIN 

Amitron-Arrow S.A. 
Albasanz, 75 
SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX;34 1 327 24 72 
EBV Eiektronik 
* Calle MariaTubau, 6 
SP - 28049 Madrid 
TEL: 34 1 358 86 08 
FAX: 34 1 358 85 60 


SWEDEN 
Avnet Nortec 
Englundavagen 7 
P.O. Box 1830 
S -171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


Bexab Sweden AB 

P.O. Box 523 
Kemistvagen, 10A 
S -183 25 Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 


SWITZERLAND 
Avnet E2000 AG 

Boehirainstrasse 11 
CH - 8801 Thalwii 
TEL: 41 1 7221330 
FAX: 41 1 7221340 
Basix Fur Eiektronik 
Hardturmstrasse 181 
CH-8010 Zurich 
TEL: 41 1 2 7611 11 
FAX: 41 1 2761234 
EBV Eiektronik 
* Vordstadtstrasse 37 
CH - 8953 DIetikon 
TEL: 41 1 7401090 
FAX: 41 1 7415110 
Eurodis Electronic AG 
Bahnstrasse 58/60 
CH - 8105 Regensdorf 
TEL: 41 1 84 33 111 
FAX: 41 1 84 33 910 
Fabrimex Spoerle 
Kirchenweg 5 
CH - 8032 Zurich 
TEL: 41 1 38 68 686 
FAX: 41 1 3832379 


TURKEY 

EMPA 

Besyol Londra Asfalti 
TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 599 3059 


UNITED KINGDOM 
Arrow-Jermyn Electronic 
Vestry industrial Estate 
Sevenoaks 
KentTN14 5EU 
TEL: 44 732 743743 
FAX: 44 732 451251 
Avnet Emg 

Jubilee House, Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
TEL: 44 462 488500 
FAX: 44 462 488567 
Farneli Electronic 
Components 
Armley Road, Leeds 
West Yorkshire LSI2 2QQ 
TEL: 44 532 790101 
FAX: 44 532 633404 
Farneli Electronic 
Services 
Edinburgh Way. 

Harlow 

Essex CM20 2DE 
TEL: 44 279 626777 
FAX: 44 279 441687 


* Field Application Assistance Available 


Micromark Electronics 
Boyn Valley Road 
Maidenhead 
Berkshire SL6 4DT 
TEL: 44 628 76176 
FAX: 44 628 783799 
Thame Components 
Thame Park Rd. 

Thame, Oxfordshire 0X9 3UQ 
TEL: 44 844 261188 
FAX: 44 844 261681 


Harris Semiconductor 
Chip Distributors 

Die Technology Ltd. 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TWX: 668570 
Rood Technology 
Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 
FAX: 44 420 87259 
TWX: 21137 


South African 
Authorized Distributor 

TRANSVAAL 

Allied Electronic Components 
10, Skietlood Street 
Isando, Ext. 3,1600 
P.O. Box 69 
Isando. 1600 

TEL: 2711 392 3804/.. .19 
FAX: 27 11 974 9625 
FAX: 27 11 974 9683 


Asian Pacific 
Sales Offices and 
Representatives 

NORTH ASIA 
Sales Headquarters 
JAPAN 
Harris K.K. 

Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81)3-3265-7571 
TEL: (81) 3-3265-7572 (Sales) 
FAX: (81) 3-3265-7575 

SOUTH ASIA 
Sales Headquarters 
HONG KONG 

Harris Semiconductor H.K. Ltd. 
13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
TEL: (852) 723-6339 
FAX: (852) 739-8946 
TLX: 78043645 


AUSTRALIA 
VSI Electronics Pty, Ltd. 

Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 
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INDIA 

Intersil Private Limited 
Plot54,SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91)22-832-3097 
FAX: (91) 22-836-6682 


KOREA 

Harris Semiconductor YH 
RM #419-1 

Korea Air Terminal Bldg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 
Inhwa Company, Ltd. 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 

Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 


PHILIPPINES 

Intergrai Silicon Solution, Inc. 
6th Floor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 

Mandauyong 
TEL: 632-786652 
FAX: 632-786731 


SINGAPORE 

Harris Semiconductor Pte Ltd. 

105 Boon Keng Road 
#01-18/19 Singapore 1233 
TEL: (65)291-0203 
FAX: (65) 293-4301 
TLX; RS36460 RCASIN 


GS Technology Re, Ltd. 

Block 5073 #02-1656 
Ang Mo Kio Industrial Park 2 
Singapore 2056 
TEL: (65) 483-2920 
FAX: (65) 483-2930 


TAIWAN 

Harris Semiconductor 
Room 1101, No. 142, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan 
TEL: (886) 2-716-9310 
FAX: 886-2-715-3029 
TLX:78525174 
Acer Sertek Inc. 

3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 


Applied Component Tech. 
Corp. 

8F No. 233-1 

Pao-Chia Road 

Hsin Tien City, Taipei Hsien, 

Taiwan, R.O.C. 

TEL: (886) 2 9170858 
FAX: 886 2 9171895 
Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: 886-2-708-7901 
TECO Enterprise Co., Ltd. 
10FL, No. 292 
Min-Sheng W. Rd. 

Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 


Asian Pacific Authorized Distributors 


AUSTRALIA 
VSI Electronics Pty, Ltd. 

Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


CHINA 

Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Horn, Kowloon 
TEL: (852) 334-8188 
FAX: (852) 334-8649 
Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 

TEL: (852) 790-8073 
FAX: (852) 763-5477 


HONG KONG 
Array Electronics Limited 
24/F., Wyler Centre 
Phase 2 

200 Tai Lin Pai Road 
Kwai Chung 
New Territories, H.K. 

TEL: (852) 418-3700 
FAX: (852) 481-5872 
Inchcape Industrial 
10/F, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwai Fong 
New Territories 
TEL: (852)410-6555 
FAX: (852) 401-2497 
Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 

Hi-Tech Ind. Centre 
5-12 PakTin Par St., 

Tsuen Wan 
New Territories, H.K. 

TEL: (852) 499-3109 
FAX: (852) 417-0961 


JAPAN 

Hakuto Co., Ltd. 

1- 1-13 Shinjuku Shinjuku-ku 
Tokyo 160 

TEL: 81-3-3355-7615 
FAX; 81-3-3355-7680 
Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 

2- 7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX: 03-3348-0623 
Macnica Inc. 

Hakusan High Tech Park 
1 -22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 045-939-6116 
FAX: 045-939-6117 
Micron, Inc. 

DJK Kouenji Bldg. 5F 
4-26-16, Kouenji-Mlnami 
Suginami-Ku, Tokyo 166 
TEL: 03-3317-9911 
FAX: 03-3317-9917 
Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 

2-3-6, Ginza Chuo-ku, 

Tokyo 104 
TEL: 03-3564-6871 
FAX; 03-3564-6870 
Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 
Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6696 
FAX: 03-3357-5034 


KOREA 

KumOh Electric Co., Ltd. 

203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 


inhwa Company, Ltd. 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


NEW ZEALAND 
Components and 
Instrumentation NZ, Ltd. 

19 Pretoria Street 
Lower Hutt 
P.O. Box 38-099 
Wellington 

TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 


PHILIPPINES 

Intergrai Silicon Solution, Inc. 
6th Floor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 

Mandauyong 
TEL: 632-786652 
FAX: 632-786731 


SINGAPORE 

B.B.S Electronics Pte, Ltd. 

1 Genting Link 

#05-03 Perfect Indust. Bldg. 

Singapore 1334 

TEL: (65) 748-8400 

FAX: (65) 748-8466 

Device Electronics Pte, Ltd. 

605B MacPherson Road 

04-12 Citimac Ind. Complex 

Singapore 1336 

TEL: (65) 288-6455 

FAX: (65) 287-9197 


Wilias - Array Re, Ltd. 

40 Jalan Pemimpin 
#04-03B Tat Ann Building 
Singapore 2057 
TEL: (65) 353-3655 
FAX: (65) 353-6153 


TAIWAN 
Acer Sertek Inc. 

3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 
Applied Component 
Technology Corp. 

8F No. 233-1 
Pao-Chial Road 
Hsin Tien City, Taipei Hsein, 
Taiwan, R.O.C. 

TEL: (02)9170858 
FAX: (02) 9171895 
Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: 886-2-708-7901 
TECO Enterprise Co., Ltd. 

10FL., No. 292, Min-Sheng W. Rd. 
Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 


* Field Application Assistance Available 
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We’re Backing You Up with 
Products, Support, and Solutions! 


Signal Processing 

• Linear 

• Custom Linear 

• Data Conversion 

• Interface 

• Analog Switches 

• Multiplexers 

• Filters 

• DSP 

• Telecom 

Digital 

• CMOS Microprocessors and 
Peripherals 

• CMOS Microcontrollers 

• CMOS Logic 

ASICs 

• Full-Custom 

• Analog Semicustom . 

• Mixed-Signal 

• ASIC Design Software 


Power Products 

• Power MOSFETs 

• IGBTs 

• Bipolar Discretes 

• Transient Voltage 
Suppressors 

• Power Rectifiers 

Intelligent Power 

• Power ICs 
Power ASICs 

• Hybrid Programmable 
Switches 

• Full-Custom High 
Voltage ICs 

Microwave 

• GaAs FETs 

• GaAs MMlCs 

• , Foundry Services 


Military/Aerospace Products 

• Microprocessors and 
Peripherals 

• Memories 

• Analog ICs 

• Digital ICs 

• Discrete Power 

- Bipolar 

- MOSFET 

• Rad-Hard ICs 

Military/Aerospace Programs 

• COMSEC Programs 

• Strategic and Space 
Programs 

• Military ASIC Programs 




